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.PREFilCE TO SECOND GERMAN EDITION. 



GLYciKElNE belongs to those substances which are 
made extensive use cf in numerous branches of 
chemical technology. It is not only the raw material 
for the production of nitro-glycerine, but is also 
employed in very considerable quantities, increasing 
year by year, in many other industries. The soap- 
maker and perfumer, the cheniist and druggist, the 
dyer, and many others use this substance for their 
purposes. That it therefore occupies a very im- 
portant position needs no further explanation. 

The necessity for a new edition cf this book gives 
the author the welcome opportunity to include an 
account of all the new processes proposed for the 
production, purification, and extended use cf glycer- 
ine. The book is therefore anew a compendium cf 
all worth knowing on that subject, wherein is also 
fully described the employment and the production 
of derivatives of glycerine, especially the preparation 
of nitro-glycerine, the examination of nitro-glycerine- 
c(mtaining explosives, the use cf glycerine in the 
manufacture of toilet soaps, in perfumery, etc. 
Thich. section has been re-written to correspond to 
tlie recent developments, and especially is described 
the examinatioir of glycerine, and its determination 
in wine, beer, etc. 

The author wishes and hopes that the second 
edition of his work will meet with the same appro- 
l)ation that the first enjoyed. 



S. W. KOPPE. 
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GLYCERINE. 



INTRODUCTION. 

Giat-kbike belongs to those substances which have 
long been known — it was discovered by Scheele in 
1779 — but it has only found extensive application 
more recently, as it only then became possible to pro- 
duce it on a large scale, it having previously been 
regarded as a by-product of but little importance. 

The close study of glycerine produced in the pure 
statu, shows that this body possesses properties which 
render it particularly suitable for the production of 
toilet preparations, as well as for many medical pur- 
poses. The properties possessed by the substance 
obtained by the nitration of glycerine are technically 
of the greatest importance, since these sei»i’e for the 
prodnction of the most powerful explosives yet 
known. 

In addition to the last-named purpose, glycerine is 
actually used in large quantities in the manufacture 
of fine soaps and toilet preparations, and on account 
of its action on the skin it is a toilet article of the 
first rank. 

By far the largest quantity is used for the pro- 
1 
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duction of nitro-glycerine, and thence the pre- 
paration of explosive products; it is also used, in 
the second place, in the manufacture of soaps and 
perfumery. 

The discovery of glycerine took place, as has d- 
ready been mentioned, in the year 1779, and the 
credit for its discovery belongs to the chemist Scheele, 
since he carried out a close investigation on the 
substance formed by the treatment of fats with 
litharge. Scheclc already recognized one of the 
characteristic properties cf this newly discovered 
body, viz. its intensely sweet taste, and called it on 
that account “ sweet oil it was also occasionally 
spoken of as “ fat-sugar 

The name glycerine derived from the Greek word 
yXwus = sweet, was first employed by Chevreul 
in the year 1814, and this chemist also studied in 



was known, nor any application for the substance 
itself. 




IN'l’RODUCTION 



o 



quantities as a by-product. It required, however, 
still a relatively very long time before it was possible 
to produce glycerine itself in a highly pure state and 
at the same time in considerable quantity. The 
credit for having first introduced very pure glycerine 
into commei'ce probably belongs to the firm of Sarg 
in Liesing, near Vienna, who at the end of the year 
1H50 first produced glycerine clear as water and 
odourless ; in England, Prices’ Patent Candle Co., of 
London, appeared on tire nrarkct with the new 
prroduct about the same time as Sarg in Vienna., 

Of the artificial compounds olitaincd from gly- 
cerine, nitro-glycerine is unquestionably that of most 
technical importance. This compound was dis- 
covered by Sobrero in the year 1847, Irat it did not 
attain other than scientific importance ; it was 
through the work of the Swedish engineer Nobel, 
in 18(18, that nitro-glycerine first came into technical 
notice as an explosive material of any importance, 
and this new explosive has first made possilile the 
execution of the vast tunnels, and other works of 
modern times, in a very short time, e.g. Mont Cenis, 
St. Gothard, Arlberg, Simplon, etc.). 

flow extensive, moreover, is tire applicability of 
glycerine is shown by the following summary of the 
prrrposcs .for whicli. it is used. Tire most important 
of these ajrplications we slrall have to discuss in more 
detail later. 

Glycerine is used ; for extraction of hops, as an 
addition to wine (forbidden by law), in the manu- 
facture of liqueirrs, for the production of lemonade. 
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punch essence, sweetmeats, in chocolatc-inaking to 
prevent the drying of the chocolate, in fruit preserv- 
ing, for the preservation of white of egg, yolk of 
egg, and flesh, in mustard-making, as an addition to 
vinegar, chewing and snuff tobacco, in. cosmetics and 
numerous toilet articles, as cold cream, pomade, skin 
and hair I'emedios, in perfume manufacture for extrac- 
tion of the more delicate floral scents, which aro de- 
stroyed by distillation. It is used in linislring, in 
spinning aiid weaving, for production of not dry 
dressed muslin, in tanning, dyeing, and calico-printing, 
for production of parchment and coloured piapcr, in 
the manufacture of artificial wool, for softening and 
keeping moist driving belts, sole leather, modelling, 
etc., in glue and gelatine making, in the production of 
printing rollers and hectograph blocks, as also elastic 
blocks, for filling gas meters, hydraulic presses, and 
floating compasses, for lubricating clocks and ma- 
chinery, for keeping guns clean, for production of 
copying inks, inks for stamping, and copying-pa] >er, 
in the manufacture of paper-hangings and soafis, 
hi the iron foundry for tlic manufacture of cast-iron, 
in photography, for the manufacture of blacking, 
luting, hot-water heating, etc. The largest quantity 
is, however, employed for the production of niti'o- 
glycerine and dynamite, while it also serves lor the 
manufacture of formic acid, allyl alcohol, and arti- 
ficial mustard oil. 

Glycerine is used, moreover, for the preservation 
of anatomical specimens and the lymph lor vaccina- 
tion, for extraction of pepsin, for the preparation of 
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liniments, salves, injections, for keeping moist pill 
and tablet masses, for court-plaster, and gelatine 
capsules, as solvent for medicinal substances, as 
remedy for chap})ed skin, for earache, for skin- 
diseases, etc. 




CHAPTEB I. 



THE CHEMICAL PROPERTIES OF OLYOERINK. 

Glycumine, so I'iu: as at present known, does not 
occur ni nature in the free state ; but exists in very 
many combinations, and can be produced by estab- 
lislied chemical processes. As was shown by 
Chevreul in the first quarter cf the last century, 
true fats, wliether of the animal or of the vegetable 
kingdom, exist as coiiibiiiations of various acids 
with glycerine. Since, then, in all animal aiid vege- 
table organisms fat is found, we can describe gly- 
cerine as Q universally disseminated product in 
animat and vegetable bodies. 

We also know, moreover, various processes by 
which certain definite quantities of glycerine are 
produced, and the iiiost interesting of those is bUe 
fermentation of spirituous liquors. If one allows 
wine-must or sweet - wort to ferment, tliere is 
formed, besides aicoliol and carbon dioxide, a certain 
quantity of glycerine as a fermentation-product. 
By allowing one of the above-mentioned liquids, or 
even pure sugar solution, to ferment, one obtains 
besides alcohol, glycerine and succinic acid, and 
that in pretty considerable quantity ; for example, 
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from numerous researches, wine contains up to 2 
per cent glycerine, while in beer 0-9 per cent may 
be found. the many processes which take place 
during the production of rancidity in fats, glycerine 
is also foriried, being liberated in the free state. If 
one exposes palm oil, a fat very liable to become 
rancid, for several months in thin layers to tire air, 
and then extracts with water, the presence of gly- 
cerine is readily detected. 

As regards chemical constitution, glycerine is an 
alcohol, a trihydrio alcohol, that is one in which 
three atoms of Itydrogeu are replaceable by a mono- 
basic acid radicle. By such substitution, compounds 
arc obtained which are known as etliers or esters. 
Fats arc then etlrers, esters, or glycerides. 

The composition of glycerine may be expressed 
by the formula ; having regard to the fact 

that in the three hydroxyl groups, which are present 
in glycerine, all the hydrogens may he replaced l>y 
an acid radicle, one has the rational formula for 
glycerine C.jH.,(OHf. 

Expressing by K a monobasic acid radicle, the 
following compounds with glycerine are possible — 

[ OH f O.H I OR 

• OH 0,,fL, ■ OE and G,H , i OE 
[ OE ' ' [ OE ' ' [ OE 

Compounds of the above cotistitutions may be 
produced artificially ; the glycerine compounds or 
glycerides occurring in nature, are compounds in 
which all tliree substituted hydrogen atoms are 
replaced by an, acid radicle. Htoai'ic acid has the 
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coinposition CiylTguO,, ; the glyceride of stearic acid 
occurring in fats is tristearin, of tlie formula 

c,a(oc^^H,,0),. 

Palmitic acid, and oleic acid, 

occur in fats likewise, as tripalmitin, and triolein re- 
spectively, and accordingly niany fats are mixtures 
made up of various proportions of tristearin, tripal- 
mitin, and triolein, or simply stearin, palmitin, and 
olein, while others consist of similar glycerides, as 
linolin in linseed oil, etc. The fats obtained from 
sheep, cattle, and hogs, as also coconut oil, palm 
oil, nutmeg butter, etc., belong to the first-named 
group, and have the following composition ; — 

0.jHj(OCj,.H,,,,0),j = stearin 
C^H,-(OCji;H.j, 0)3 = palmitin 
C,H;(0 Ci,H;,, 0)., = olein 

F one treats one of the above-nientioned coin- 
pounds, or a mixture thereof, i.e. a naturally occur- 
ring fat, with a metallic hydroxide, tlie glyceride is 
decomposed in such a way that tlie glyceryl, 
adds on three hydroxyl groups, 8 OH, and glycerine 
is produced. This process, which is carried out on 
the large scale, is that whicli is generally ex])ressed 
by the name saponification. 

C,H,,(00isH,,r,0);j -h 3KHO = CaH.COH),, + 3Iv0C„H,,0 

tl'isteariii potaHsinm pllyceviiiy potassiuin 

liydroxule Htoaratu 

If one uses, instead of potassium hydroxide, the 
hydroxide of a metal like calcium, lead, etc., whicli 
forms with the fatty acids an insoluble compound, 
the glycerine is obtained in solution in the puj’e 
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condition, and this was the method hy which one 
was accustomed J'ormerly to prepare glycei'ine. 

In addition to this motliod, whicli is one of tlio 
treatments by wiiich one ])roduces glycerine in 
quantity, glycerine can also be produccxl by various 
other methods, also in quantity, Inrt we will return 
to these inetliods when dealing with the commercial 
production of glyceriiie. 

One interesting preparation of glycerine, from the 
theoretical point of view, is tliat by which acetone is 
reduced with formation of glycerine. 

Glycerine can he ol)tained from acetone hy mi.v- 
ing the lattei; with zinc and acetic acid ; tiro lilrerated 
hydrogen causes the reduction of thc! acetone into iso- 
propyl alcohol according to the following efjuatiou : — 

OJI,,0 + = C,,IIv(OI[) 

iuiGtmui hydro^nn is<)pr()j>y] aUnilinl 

By treatment with zinc chloride water is removed 
from the isopropyl alcohol, and it Irecomes ])ro]»ylene. 

G,M-(OH) - H.,0 - G,,n„ 

is(»]H*opyl alcohol water propyloih'. 

By treatmont of propylene with iodine drioride, 
one obtains propylene iodocirloridc C.,H|;01I, and 
from tliis, by the action of eli.loriiu! in presence of 
water, chloi'pnqtylene, C.,H^.C1,,, is produocid. I’his 
compound is treated once more witli iodine cliloride 
in sealed trd)c;s at a temiH-srature of 140’ C., wlieii 
it is convtsrted into trielrlorliydinn, thH.Cl.j. If this 
is heated with eairstie potasli, glyoorino and potas- 
sium cliloride are jiroduced : — 

G,, 11,01,, •+• .‘IKOH - C„ll,(01i)„ -I- ;JKC1 

tl'icliloi'hydriii jml-aHHiiim /^lyrorhio IPitaHHiinn 

liy(h'<»xi<lo clilon<le 




CHAPTER II. 



COMPOUNDS AND DECOMPOSITION PRODUCTS OF 
(3LFCKRINE. 

The relationship of glycerine with the substances 
known as “ alcohols ■■ is proved by the fact that 
glycerine forms compounds which are similar in 
composition to those rf other alcohols. Ordinary 
alcohol (ethyl, alcohol) can be changed into ethyl 
ether by abstraction of water ; under siiiiilar con- 
ditions glycerine gives glycerine ether (ester) ; ethyl 
alcohol forms with acids certain definite compounds ; 
glycerine behaves in quite a, similar way. 

The compounds of glycerine are of practical inter- 
est, in so far as possibly the one or the other inay 
appear as an intermediate product in the production 
of glycerine on the large scale, e.g. the compound 
which glycerine forms with sulphuric acid. 

(TtjVOEBO-SULl’HUKIC Acn). 

In the production of this compound, one mixes 
two parts by measure of concentrated sulphuric acid 
with one part of concentrated glycerine, with con- 
tinuous stirring, whereby the mixture becomes in- 
tensely hot ; afterwards the mixture is cooled to the 

/T n\ 
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ol’dinary temperature, diluted strongly with water, 
and milk of lime added until the liquid has no longer 
an acid reaction. At the bottom of the vessel is 
tlirown down a precipitate of gypsum, whilst the 
supernatant li(|uid is a solution of calcium glyoero- 
sulphate ; Ipy coircentvating by evaporation, and cool- 
ing this solution, one obtains the salt in the form of 
crystals. 

In ordc'.i' to obtain the glycero.sulphuric acid in 
the free state, one adds the cold prepared solution 
of the calcium glycero-sulphate to exactly so much 
oxalic acid solution as is necessary for tli.e neutral- 
ization of the lime; there separates heavy insoluble 
calcium oxalate in tlie form of .a gramrlar pre- 
cipitate, whilst the glycero-sulphuric acid remains in 
solution. 

The compound is souustal)le, tlrat it is decomposed 
by merely warming the solution; in order, therefore, 
to obtain it in the anliydrous condition, one must free 
it from water under the receiver of an air-pump, and 
over sulpliurie acid, and tlms obtain finally the pure 
glycero-sulphuric acid in the form of a colourless, 
sour-tasting syru]), which compound, having regard 
to tlie diljasic character of sulphuric acid, must be 
written as d.,H, (OH)„(OSO„OH). The formation of 
glycero-sulphuric, acid may be I'epresented by the 
following equation ; — 

C;, Iff, (OH),, + ILHO, = a;H,(OH),, (OBO,,H) + 11^0 

^'lycui'iius Huljiliuvio ^lycprhio-Hulpliurip wator 

aoM jui«l 

Glycero-sulplmric acid is formed as an intermediate 
product in tbo dcicom])Osition of fats by mcians of 
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acid in the so-called “ acid saponification ; whilst 
from the glyceride, e.g. tristearin, stearic acid is formed, 
the glycerine in the moment of its liberation unites 
with the sulphuric acid. But in the decomposition 
of fats by acid, higher temperatures are employed, so 
that the glycero-sulphuric acid-is immediately again 
decomposed into glycerine and sulphuric acid, and 
this latter is once more available for Hie decomposi- 
tion of fresh fat. 



Glycebine Ether. 

As is well known, ordinary alcohol forms, when 
warmed with sulphuric acid, a compound, ethyl-sul- 
phuric acid, which is a compound completely anal- 
ogous to glycerine-sulphuric acid ; by heating above 
140° the ethyl- sulphuric acid decomposes into ethyl 
ether aiid sulphuric acid. 

By treating very concentrated (anhydrous) gly- 
cerine at a high temperature, with concentrated 
sulphuric acid, not only is the first-farmed glycerine- 
sulphuric acid decomposed into its constituents, hut 
water is also removed from the glycerine, aiid acro- 
lein is produced, owing to the great dehydrating 
action of sulphuric acid, which is hot exhausted even 
by the hydroxyl group of glyceriiie : — 

C,H,(OH), = CaH,0 + 2H„0 

glycerine acroluiii w;i£t*r 

■ We shah have to return later to the properties cf 
acrolein itself, since it is one cf the frequently appear- 
ing decomposition products of glycerine, aiid is of 
practical importance in the study of fats. 
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By treating glycerine with sul)stauces which act 
less energetically than sulphuric acid at high tem- 
peratures, only little acrolein is formed, l)ut chiefly 
glycerine ctlier. For the production of glycerine 
other, one Iieats in a spacious distillati(Ui apparatus 
4 parts of concentrated glycerine witli. H parts of 
powdered calcimu chloride. The mass froths on 
wanning sti'ougly, and gives off l)etweeu 170" and 
1.70' coi)ious vapours of glycerine ether 
This can he again reduced to glycerine by prolonged 
lieating with water. 

GLYrnHc)-i‘.ir.osrii.ojiic.! Acin. 

By treating coitcentrated glycerine with glacial 
ph,ospli(.)ric acid glycero-phosphoric acid is produced; 
one neutralizes the liquid with barium carbonate, de- 
composes the solution of barium glycero-pilrosiiliate 
with sulpliuric acid, and concentrates tlie solution in 
vacuo to a syrupy consistency. By lieating, the 
C()iu])ound IS decomposed. 

Glycero-pliospihoric acid, hitherto of no practical 
importance, is a very interesting body to the pliysio- 
logical clromist, because it forms an essential constit- 
uent of tlic nerve substance of the alveolus, and of 
egg-yolk. 

By treating glycerine witli haloid acids, or with, 
l>hos])horus iodide, nitric acid, etc., one can produce 
from glycerine a great nmnlier of sulistitutod com- 
pounds ; up till now only one of these substitution 
products, viz. the nitro-product, finds employment 
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technically. We can therefore limit ourselves to a 
merely brief description of these l)odios haviitf,^ only 
theoretical importance. 

The Chlo'hhydiuns. 

By treating glycerine witli hydrochloric iwnd, a 
number cf compounds are formed, wliicli are iiilor- 
esting examples of the substitution process, and 
throw considerable light on the constitution o[ 
glycerine. 

Hydrochloric acid acts on glycerine in various 
ways according to the temperature and pressure. 
When a current of hydrochloric acid gas is passed 
through glycerine so long as it is absorbed by tbe 
liquid, in a closed tube and heeted up to the boiling- 
point of water, the productneutralizedwith potassium 
carbonate, and extracted with ether, a liquid is oli- 
tained, whose boiling-point is 220“ C., specific 
gravity 1-4, and which has a sweet taste. Thislupiid 
is the simple chlorhydrin, or monochlorhydrin, having 
the constitution C 3 H,,(OH^j)Cl. The reaction may 
be represented by the following equation 

C3H,(0H)3 -I- HCl = H.0 I- G, IT, (OH.) 01 

glycerintt hydvoclilonc: watin nimiorljloriiy'ilrin 

acid 

By heating glycerine with about fifteen times its 
weight of hydrochloric acid in a closed tube iqi io 
100° C. for ten to twelve hours, one obtains by sub- 
sequent distillation an ethereal fragrant litjuid, hav- 
ing specific gravity 1 383, and boiling-point 1 7 I 
This is dichlorhydrin, CgH-fOHiCL. 
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C,,H,(OII), + 2HC1 = 2H.0 + C;, 11,(011) 01, 

j^lycuviiiLi liydrodiloric water (lichlovliydrin 

aci«l 

Since there are three hydroxyl groups in glycerine 
which can be replaced by otlier radicles, it must form 
a trichlorhydrin. This, however, is not produced 
by the direct action of hydrochloric acid on glycer- 
ine, but can otily 1 h) obtained in an indii’ect way. 
By treating dicblnrhydrin witli ])hosphorus ponta- 
chloride, trichlorliydrin is jiroduced in the following 
manner : — 

c,,Pi,,(oii)Ch H- rci, == HGi + pool, + o,,i i:„oi,, 

(lidilorliydi'iu " phoHjjhoruK liydnu i)hnsphoi'UH triclilor- 

penta* clilorio oxychlorido hydrin 

culovido judtl 

Trichlorhydrin has a specific gravity of 1'417, 
boils at 155' C., and may be regarded as glycerine 
in wirich all tlirec liydroxyl groups are replaced l>y 
chlorine. By long continued heating of trichlor- 
hyclrin with water at a high temperature in a sealed 
tube, it is again broken up into hydrochloric acid and 
glycerine, a proof tliat the radicle G, PI, ^ (glyceryl) has 
remained intact. 

When tridrlorhydrin is treated with chlori7ie gas, 
one of the hydrogen atoms of the Cy'T. radicle is re- 
placed by chlorine, witli. the production of tetra- 
chlorhydr in, C,IT.| Cl , . 

The constitution of the molecule is easily under- 
stood, if one assumes that the atoms in tlio glycerine 
molecule arc arranged in a similar way to that in 
marsh gas; we then have two hydroxyl groups at- 
tached directly to the carl>on atom, and more easily 
substituted by chlorine tlian that which takes the 
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place cf hydrogen in one of the methyl groups. 
The following formulte will make this relationship 
clear : — 



Marsh gas C 



(H 

,, H 



H 

H 



(•CH, 

CH..OH 

Glycerine = C-| 0Pl“ 



OH 



CH., 



Monochloi'hydrin Diehlorhydrin C- q 

Ic 

fCH, 



OH 

[ci 

Triohlorhydi'in G.j Tetraehlorhydrin G 

iOl 



(CH, 
CH„OH 
' Cl ■ 

Cl 



CHCl . Cl 

Cl 

Cl 



There is also another compound which may be re- 
garded as an intermediate product in the above sub- 
stitations, viz. epichlorhyclrin. It is obtained when 
diehlorhydrin. is treated with aqueous potash solution. 
This is a liquid boiling at 118" C., which by treat- 
ment with hydrochloric acid is again changed into 
diehlorhydrin. 



C„H,(OH)CL + KOH = KCl -i- C;,H,OCl 

(lich'loi'liydriu " iiotassiuiu • iiottissiuin epichlorhytlriu 
iiydroxitle chloritie 

CgH.OCl + HCl = C,H,(OH)CL 

I^Jpichlurhydriii Didilorhytlrin 



By treatment of glycerine with hydrobromic acid, 
or phosphorus bromide, bromine derivatives are oh- 



tainecl \vhich .are siiniJar in constitution to 
cnrorme-derivatives. These are as follows: — 



the 
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Monobromhydi'in = C.jH,,(OH).,Br 
Dibromhydrin = 

Tribromhydrin = 

Epibromhydrin. = 0.jH,-0Br 

By treating glycerine for twenty- four hours witlr an 
equal weight of phosphorus bromide, and then distilling 
up to incipient charring, one obtains besides acrolein, 
a distillate separating into two layers, the upper one 
being epibromhydrin, G.jH,,OBr, th e lower one dibrom- 
hydrin, CljHj(OH)Br„ ; the residue remaining in the 
retort, gives after neutralisation and treatment with 
ether, besides dibromhydrin, also monobromliydrin, 
C.jH.(OH).d-5r. Wlren allyl bromide is mixed with, 
bromine, tribromhydrin is produced : — 

(J,,H,Br + Br. = G,,!!,!!!',,. 

a,llyl hromulo trihi'omhydrhi 

Action ot' Iodine Comtounds on Glycekine. 

If glycerine is treated with Irydriodic acid, more 
energetic action takes place than with hydrochloric 
acid or hydrobromic acid ; it immediately separates 
all the Irydroxyl grou])S from the glycerine, witli. the 
formation of allyl iodide. Tlie excess of hydriodic 
acid reacts further on the allyl iodide, and forms pro- 
l)yleue ; — 

G,, Ilf, (Oil),, + 3 HI = C,,IIf,I H- 311,0 -H I, 

hydriodic allyl iotUdo 

acid 

G,,Hf,[ H- HI = GjH,, -h I, 

allyl iodide l»ropyl<.!iui 

Allyl iodide is prepared in the following way: 
In a tuhulated retort are warmed a solution of 
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8 parts iodine in carbon bisulphide and 1 part cf 
phosphorus, and after distilling olf the carbon bi- 
sulphide, anhydrous glycerine is added iiisniall quan- 
tities to the phosphorus iodide remaining. The two 
Jaodies react on each other with greet violence, and 
from the resulting mass one obtains, by distillation, 
propylene, water, and allyl iodide. 

The crude allyl iodide is brown, coloured ; it may 
be decolorized by shaking with caustic soda solu- 
tion, rectified over calcium chloride, and is then 
obtained as a colourless liquid, boiling at 102° 0., 
which has the sp. gr. 1-789, and a strong garlic-like 
odour. The propylene passing over as a by-product, 
by strong cooling and pressure, condenses to a colour- 
less, peculiar-smelling liquid. 

Glycerine is, as already stated, an alcohol, but it 
is a trihydric alcohol, whilst from the combination, 
CjHr,, that is the radicle propenyl, one obtains a 
monohydric alcohol, allyl alcohol. This is then a 
proof that the radicle CyH,, which is contained in 
glycerine, is not quite identical with tlic radicle allyl. 
It may be quite readily distinguished by its difl’erent 
atomicity from the latter, to which, however, in many 
points it stands very near. 

It is, moreover, possible to directly produce allyl 
alcohol from glycerine in the following manner : 
When one heats glycerine with oxalic acid up to 
110° C., formic acid and carbon dioxide are produced ; 
out of the diluted liquid, formic acid may be obtained 
by distillation. As regards coinbination of the formic 
acid with the glycerine, this is only induced at a 
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higher temperature, and according to Pollens and 
Henuinger, the operation is best carried oirt in th e 
following manner : One mixes 4 parts glycerine witlr 
1 part oxalic acid, and adds to the mixture to h 
part of ammonium chloride, 'vvl'ien on heating oncH 
obtains a glyceride of formic acid (inonoformin). By 
prolonged heating at '2()0“ C. the inonoformin is split 
up into allyl alcohol, carbon dioxide, and water: — 

0,,FId0H)., + CH,0,, = G.,H,(0H)„0 . HOO) + H,0 

filv’cci’UUi formic. ucid water 

o.jTi,(ori),( 0 . nco) == c.dL,(OH) + oo. + h,o 

ji'lycovo-fovmic acid allyl alcohol cavlHHiic. waU'v 

add 

Allyl alcoliol begins to distil already at 19r>" th ; 
tire distillation continues to 2()0’’ C., and simultane- 
ously there also passes over acrolein from the direct 
decomposition of the glycerine itself. . In order to 
olitain the allyl alcohol in a pure state, one shakes 
the raw distillate with a solution of potassium car- 
bonate, whereby water and allyl formate are re- 
moved : the lic[uid separated from the potassium 
carbonate solution is washed with, solid alkali, wliere- 
by the acrolein is removed. After rectification at 
'.)()“ to 100“ (h, drying with, caustic baryt.a, and re- 
peated distillation, one oldains finally ])urc allyl al- 
cohol as a colourless liquid, with a biting disagreeable 
smell, low specific gravity (0-H.58), and a lioiling- 
point of 0()“ G. 

Aobolkin. 

Among the decomposition products of glycerine 
with whiclr one has most frecpumtly to do, acrolein 
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takes the first place, because glycerine by rapid 
heating very easily becomes converted into this body, 
and even in combined glycerine (in fats) tho sanio 
decomposition takes place, if one boats tlio hit 
quickly; the disagreeable smell which is evolved 
when one drops fat on a hot plate or allows it to 
fall on glowing coal, is caused by tire evolution of 
acrolein itself. 

By rapid distillation of glycerine acr(.)Ioin is iUsn 
formed, and that in very large quantity at tlio (itid 
of the operation. It imparts to odoiirless glyccriiup 
when it is present in even only miimto c[uantity, a 
disagreeable and penetrating smell. 

For the production of acrolein in a largo ciuantity 
one treats anhydrous glycerine with strong dehydrat- 
ing substances, and at high temperatures : e.g. ono 
heats 1 part glycerine with 2 parts of acid potas- 
sium sulphate, whereby the decoiiqiosition of the 
glycerine takes place according to the I’ollowitig 
equation : — 

C.,H,(OH)., = C„H,jO I- 211,0 

glycerine acrolein water 

One obtains acrolein by rectification as a colour- 
less liquid which boils at 52“ C., the vapours of 
which attack the eyes and nose with very gi'oat 
violence, and cause great inflammation ; in 'water it 
dissolves only slightly, but in alcohol on the oilier 
hand very easily. Acrolein has the power to reduce 
silver oxide, and is thereby changed into acrylic acid , 
of which the formula is CjHjO.,. 

A very interesting decomposition of glycerine is 
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that which takes place by tlie action of ferments on 
dilute glycerine, and by which acids of the fatty 
acid series are formed. 

One adds glycerine to a liquid which is undergo- 
ing alcfjholic fermentation, when soon after the 
addition of a certain quantity of glycerine the fer- 
nmntation ceases, so that glycerine must be regarded 
UjS a body inimicable to alcoholic fermentation. 
Those ferments of the lower order, which are known 
as bacteria, are aide, however, to decompose glycer- 
ine, and tlicreby give rise to a wliole series uf acids 
holonging to the fatty acid scries. 

Onc) allows t() stand a mixture of i part glycerine, 
l‘J parts water, .!■ ])art chalk, and OTfi part freshly 
comiuinutod mutton at a temperature of 8.5-40'’ C., 
so takes place a very slow fermentation ])rocess, 
which consists of a whole series uf distinct fermen- 
taticrus, some taking place side by side, others in 
sequence; carbon dioxide and hydrogen gas are 
evolved. 

il’lio whole fermentation lasts- about eight mouths, 
dui.'iiig whicli are fouued, besides ethyl alcoliol, acetic, 
propionic, l)utyric, valerianic, and caproic acids, as 
well as a small (juautity of higher fatty acids — 
the. grijater part of tlie glycerine is hereby docom- 
pos(!d. 

The fermentation processes, wldcli in this case are 
known to take place, are the alcoholic fermentation, 
the acetic acid fermentation, and the butyric acid fer- 
mentation. With yeast glycerine ferments at ‘20 to 
80", with the formation of propionic acid; with the 
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butyric acid bacillus, up lo butyl alcohol and tii- 
methyleueglycol . 



GLYCJiJUDES. 



The action of acids on glycerine has been fairly 
completely studied and has been already referred 
to on p. 7. By bringing together glycerine and 
acids, compounds are formed which are described 
as ethereal compounds. Tlic tuost important tochni- 
cally of these compounds are the fats. As tlio 
constitution cf tin; fats became better known, it 
was important to determine whether by direct com- 
bination of acids contained in fats with glycerine, 
compounds could be obtained similar in their properties 
to the fats. 

The reaction attains completion ; when glycerine 
is mixed together with stearic acid, palmitic acid, or 
oleic acid, there is formed according to the propor- 
tions in which the acids arc employed, the mono-, 
cli-, and triglycerides of the respective fatty acids. 
The naturally occurring fats are triglycerides, and 
the compounds produced artificially resemble com- 
pletely the naturally occurring fats both as regards 
their physical and their chemical properties. 

By the combination of glycerine with tlic acids, 
water is alwnys eliminated, and in tlie synthesis of 
the glyceride tristearin, for example, the following 
reaction takes place : — 



G,H,(OH), + 

‘rlycdiTiie 



3(C,sH.„,,0.,) = C,,H,(OHi/AO)3 + 3 H.,0 

Waric acitr'^ ' stearic glyceriae water “ 



Besides the glycerides ol: oleic, palmitic, and 
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stciaric acids, which commonly occur in fats, one has 
ill so the various glycerides of tlie other acids of the 
fatty acid series (formic, butyric, propionic, Taler- 
iatiic, etc.) ; &$ far as these acids occur in nature in 
i'hii form of glycerides, the artificially produced com- 
potinds resemble in all respects the natural. Tri- 
iicctin, tributyrin, trilauriu, are such glycerides which 
iu/o met witli in nature. One can prepare the 
glyoerides by various methods : either by heating 
glycerine with the respective acid in sealed glass 
tubes in an oil hath, or by mixing sulphuric acid 
iis well as the fatty acid with the glycerine or by 
dissolving the acid in the glycerine by warming, and 
then passing liydrochloric acid gas through the solu- 
tion. 

X^he action of sulphuric acid in the synthesis cf 
the glycerides of the other acids may be explained by 
tliG formation in the first place of glycero-sulphuric 
aedd, which, however, in contact with the organic 
acids is converted into the glyceride of the acid, and 
into free sulphuric acid. For example 

U;,IC„(OPI), + H..SO, = C.,r-L,(OH).,(0 . SO.,H) + H.O 

snluluifio acitl ^jlvcerine acid wjitep 

( 1T;(0TI).,(0 . SO„H) + JI3P2) = C;,Hp'OG, ,1-13, 0)3 + 

£fly(;((ro-.sulphuriu tic.id mlmitic acid tvipalmitin 

2H3O + H,,SO.,. 

water Sulpliuric 
acid 

Th e action of liydroeldoric acid is that chlorhydrin 
is lii-st formed from the glycerine, which in con- 
tact with the acid is converted into the respective 
glyceride, water, and hydrochloric acid gas, 
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C,H5(0H). + HCl = C,H,(0H),G1 + iLO 

'^ffljceime hydrocliloriL'; chlorlivdnn watci 




hydrochloric acid 



Nitric acid exerts a somewhat different reactinti 
from other acids on glycerine, and indeed the ixi- 
action depends in a great degree on wlietlier one 
employs dilute nitric acid, or that of higlr conocmtirui- 
tion. Nitric acid of low strength forms from gly- 
cerine a new acid, which is known as glyceric a,cid. 

One can produce glyceric acid by introducing into 
a vessel nitric acid of specific gravity 1-5, jutd 
cautiously allowing to flow down tiro sides of the 
vessel a mixture of equal volumes of water and 
glycerine in such a way that tlic glycerine floats 
above the nitric acid; after about a week the Ikiuid 
is placed in a desiccator over sulphuric acid, and is 
left there until a syrupy liquid is produced. Tlris is 
neutralized with lead hydroxide, and the lead salt 
decomposed by hydrogen sulphide, whereby after 
again concentrating over sulphuric acid, glyceric acid 
is obtained as a faintly yellow liquid, easily soluble 
in water and alcohol. 

The formula of glyceric acid is tuid oiui 

can represent its formation from glycerine in the 
following way : — 

CH^ (OH) OH.piI 
tH(OH) = OH . OH 
OH, (OH) COOH 

glycerine glyceric acid 
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or C.,H.i(OH).jC()OPI. One can also regard it as 
(lihydroxypropionic acid. 

According to this eqnatidn only one of the two 
outside groups - CH^OH, which are present in gly- 
cerine, is changed by the substitution of an oxygen 
atom for the two hydrogen atoms with the formation, 
of the carboxyl - COOH ; theoretically there is yet 
another glyceric acid, in which both the - CH.,(OH) 
groups are changed in the same way. The produc- 
lion of this acid has not yet, however, been accom- 
])lishcd. 

rldui ])0wcrful oxidizing action which nitric acid 
possesses, necessitates that tlie change in the gly- 
cerine docs not take place so simply as the above- 
mentioned equation indicates ; there are many more 
complex secondary reactions, and a part of the 
glycerine is consequently converted into racemic 
acid, glycollic acid, formic acid, and oxalic acid. 

Very concentrated nitric acid acts on glycerine in 
such a way that a glyceride results, viz. the nitric 
acid triglyceride, or trinitroglycerine, of the formula 
cyr,(O.No,),. 

The production of this substance will he described 
in more detail later. 

As regards tho production of the mono- and dinitro- 
glycerides, one has to proceed in another way than 
that of direct combination of glycerine with nitric 
acid. They are obtained by making use of tlic 
monochhjrliydrin or diclilorhydrin with a mixture of 
equal parts fuming nitric acid and sulphuric acid. 
By diluting the liquid with much water an oily 
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liquid separates, which possesses the composition 
C;jH.Cl( 0 . NO^ia = dinitroiiionochlorglycerine or 
C3H,,CL(0 - NO.,). mononitrodichlorglycerine. 

Among the numerous compounds produced from 
glycerine by substitution processes, up till now only 
one has attained technical importance, aiid this is 
the nitroglyceride ester (erroneously known as nitro- 
glycerine) which is distinguished by the property 
that it is decomposed by a blow with a violence 
which exceeds by far that of other explosive sub- 
stances. In consequence of this property, the com- 
pound referred to is employed in technical explosives 
in ever increasing ways, and its manufacture forms a 
special industry. 
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TIIK PRODUCTION OF (JLYOKIUNE. 

iJi’ to tlio tiiiK! that ono r(!(iuin!d to separate stearic 
and ])almitio acids from fats in a ])im! state for the 
purposes of candle manuCactiivo, fflycorine was only 
produced (jn the small scale for scientific resoarcli 
and pharmaceutical purposes, uotwitlistandinf^ tliat 
in tire spent lyes from soap manufacture one liad tire 
raw material in large (juantity ready for employment. 
Tire ordinary practice of the pharmacist for the pro- 
duction of glycerine was to saponify oil with load 
oxide, separate the liberated glycerine from the 
lead soap by washing with water, and then produce 
glycerine in the pru'o state from the still very im- 
pure solution by the motliod described below. 

GIjYCKIUNK .Lmai) Hoai'. 

One prejrares lead soap (tlie om|)lastrum simplex, 
or diachylon plaster of the }>harmacist) by stirring 
together 1) parts by weight of olive oil, 15 jjarts l>y 
weight of litharge, and a sufliciency of water until 
a uniform mixture is obtained, whicli is then boiled 
in an iron vessel with constant stirring and addition 

ro.7\ 
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of boiling water, until on testing by cooling, it con- 
geals to a viscous white mass, which has no longer 
any greasy feel. 

Olive oil consists for the most part of the gly- 
ceride of oleic acid, while the glyceride of |)almittc 
acid and a small amount at tristearin are also present ; 
lead soaps are formed corresponding to eaclt, tlic 
lead oleate predominating. The resulting mass is 
insoluble in water, softens on warming, but is hard 
when cold. 

For the separation of tlic glycerine mixed with 
the lead soap, one pours hot water on the completely 
boiled, but still fluid plaster, stirs the massthorouglily, 
and leaves it at rest for a time in order that the 
soap may separate from the water, then pours this 
off, and repeats the washing several times, until all 
glycerine is separated from tlic mass ; the glycerine 
waters are niixed, and the purification proceeded 
with, 

As the excess of lead oxide dissolves in the gly- 
cerine, this must be first reinoved, which is accom- 
plished by passing sulphuretted hydrogen through 
the glycerine. The lead is converted into sulphide, 
which is thrown down in tlic form of a black pre- 
cipitate, and is removed from the glycerine by filtra- 
tion. The liquid after freeing from lead is evaporated, 
and yields glycerine of a brown colour and unpleasant 
odour; to render it water-white, one allows the 
liquor to filter slowly through freshly burnt animal 
charcoal until it emerges perfectly colourless and 
odourless, and evaporates it finally on a water-bath 

• I 
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to a syrupy consistency. This evaprQj^itioft; 
clone, liowever, with great caution, as by contact with 
air, glycerine, especially if it has already readied a 
high concentration, again becomes dark coloured. 

Tile glycerine olitaincd by this treatment is quite 
pure, and one obtains also a good yield of glycerine 
in relation to the quantity of oil used ; at the present 
time, however, scarcely any glycerine is prepared in 
this way, as the cost of production is so heavy that 
tlie glycerine so ])roducod is much dearer than the 
equally pure and highly concentrated product which 
is yielded by the stearic acid manufactory. More- 
over, lead plaster is now increasingly rarely pre- 
piired from oliyo oil, being mostly made by directly 
saponifying with litharge ohde acid, which, can be 
cheaply obtained as a by-product in stearic acid 
manufactnro. 

ritonucrnoN oi'' GnYcmiiiNJ': in the S'I’kauio Aor:u 

Ih/VOTOItV. 

In woihs in wlvicb the so-called stearic acid, i.e. 
a mixture of stearic and palmitic acids, is produced, 
a very considerable quantity of glycerine results as a 
l)y-prodnct, iind it is worked up as a v(u-y valuable 
substance in all the larger works of tliis class, that 
is to say, concentrated and refined. The way in 
which this is carried out depends upon the process 
which has been employed for the decomposition of 
the fats, as will also the yield of glycerine obtained. 

T)i(! dcjcomposition of fats can be effected in many 
ways, either by saponification with alkalies or alka- 

x&vj. 
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line earths, as for example with quicklime, more 
rarely with caustic alkali, as in the older processes 
for stearine production, or hy saponificatioii witli 
sufficient lime, which is a far less common metliod, 
to form calcium soap, with the simultaneous employ- 
inent of high pressure steam. 

Other inethods for the separation of fatty acids 
from glycerine — incorrectly termed saponification 
processes — are those in which the decomposition of 
the fat is effected hy means of acid, more especially 
by sulphuric acid; finally there is the use of even 
water itself in place of acids, the “saponification” 
being brought about with either superheated watcu' 
or superheated steam. 

These methods are all certainly adapted for tlic 
production of fatty acids for employment in tlie 
manufacture of stearine candles ; they are not, how- 
ever, equally suitable when, as at present in all 
works of this kind, it is a question of the production 
not only of fatty acids, but also of glycerine, — thus, 
for example, in the process of saponification with 
much acid and at high temperatures, the glycerine 
is entirely destroyed. It is for this reason tliat the 
process of saponification has to be modified, in ordoi’ 
to ensure that so valuable a substance as glycerine 
is not lost. 

The present work has for its object tho descrip- 
tion of glycerine and its applications. It lies, tliere- 
fore, outside its scope to occupy ourselves very 
closely with tlie reactions which take place in the 
various processes iiientioned above. We must con- 
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tine ourselves then to merely outlining these pro- 
cesses in all brevity, and indeed only in so far as 
they have reference to tire production of glycerine 
itself. 

The reactions involved in the various methods for 
carrying out thisprocess are tlieoretically as follows : — 
((/) In tlic saponification with alkalies, e.g. with 
lime : — 



20.,II,(0C,,H.,,O)., - 1 - SCafOH)., = 3Ca(0 . C,,H,,0)„ -f- 

Htcavin .■ivlcium 

liydrii.vi.iu Hteiu'iitu 

2C.,H,(OH)., 

Klycorine 

Since in fats in addition to stearin, pahuitin and 
olein are also present, these glycerides are also de- 
composed in the same way as stearin, as given 
above ; one obtains therefore a mixture of the lime 
salts of stearic acid, palmitic acid, and oleic acid — 
lime soaps insoluble in water — and a solution of 
glycerine. 

(h) In tire saixmification with acids, e.g. with 
sulphuric acid : — 



C.,H.(OC„;rr,„0),, + 4H„S0,. = 3 Cj,J-I„ 0(0 . S0,H) + 
■ (bIT,(OH).(OSO,,H) + lip 

jilYcci’O'Hulpliurio ncid 



and arising out of these compounds by addition of 

4-H.p 

0(011) + C.,H,(OI-I)„ + 4-H,,S0, 

lialmitic acid jilyp.oriiio aulpimrie acid 

or, expressed in words, by the action of sulphuric 
acid on a glyceride, for example, palmitin, it is first of 
all decomposed in sucli a way tliat palmito-sulphuric 




acid, and fflyccm-srilphuric sued rcsiill. wiili Uic 
seitaration ol: oiui molecule (if wal.ei' ; lioUi l.lie lii'sl - 
mentioned comjnmmis aia' split up liy Lite action nt 
watei; into pialiuitic acid, f,d\aierine, and siilpliiu'ie 
acid, whicli. last I'cmains in solution alont,' witli the 
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then can be very easily and quickly saponified, so that 
it gives a very largely increased yield of fatty acids, 
which reaches the maximum generaliy obtainable. 

Among all the processes by which satisfactory sap- 
onification takes place, that formerly possessing the 
greatest importance is that in which quicklime was 
employed, as on the one hand quicklime is cheaply ob- 
tained, and on tire other hand it also has tlzc advantage 
tliat the lime soap is insoluble, and can therefore 
be easily separated from tiro liquid. It was carried 
out in the following manner : — 

The ~ ) r o wa-s commenced by mixing the fat — 
tallow, or palm oil — with water in large wooden or 
stone vessels, and the fat melted by passing in steam 
and heated to 100° C. With constant boiling one 
adds 15 per cent of the weiglit of fat employed of lime 
to the vessel. The lime employed must be iron-free, 
freshly burnt (free from carbonic acid) and broken 
down with water to a uniform lum])-free milk, be- 
fore addition to the fat. 

One assists tho saponification by the continuous 
passage of steam, and by the uninterrupted motion 
cf the stirring gear. The commencement of the 
saponification shows itself by the thickening of the 
mass, an appearance which usually manifests itself 
tliree or lour hours after tire heginning of the operation . 
Later small particles of lime soap unite into snmll 
lumps, which rise to the surface. After the expira- 
tion of seven or eight hours tlio saponification is com- 
plete, and the vessel contains by this time a solid 
mass which, if the operation has hoeu rightly carried 
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out, consists only of lime soap together with, any ex- 
cess of liine used, and niust be entirely free from 
little drops of undecomposed fat. The yellow or 
brown-coloured liquid to be found niixed with the 
lime soap (always depending on the quality of the 
fats employed), is a dilute solution of crude glycerine 
in water, which is contaminated by a large quantity 
of foreign iiiatter. 

A modification of this process is that in which a 
much smaller quantity of lime suffices for saponifica- 
tion, if one allows the lime to act on the fat under a 
steam-pressure cf about ten atmospheres. Under 
these conditions it is sufficient to employ two to three 
per cent lime to bring about complete saponifica- 
tion, as acid lime salts are forined from the fatty 
acids. 

As regards the production of glycerine, this process 
offers the advantage that one works with afar smaller 
quantity of water than in the process above de- 
scribed, and accordingly a more concentrated solu- 
tion of glycerine results. 

In both cases the lime soap produced is decomposed 
by sulphuric or hydrochloric acid, whereby is formed 
gypsum or calcium chloride, and the mixture of tho 
three fatty acids, stearic, palmitic, and oleic, is freed 
as far as possible from oleic acid by pressure in very 
strong hydraulic presses, and employed, after refining, 
for the manufacture of stearine candles, whilst the 
liquid separated Prom the lime soap is utilized for 
the extraction of glycerine. To tlie quality of the 
raw and strongly diluted glycerine, which is different 
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)rding to the method employed for the extraction, 
rence will be made later. 



The Krebitz Process. 

'he process for tlic decomposition of fats by lime, 
rding as wc have described it, possesses to-(ley 
historic importance. It has still, liowever, a 
sin interest, as therefrom one of tlic newest 
Clients for the splitting of fats has been developed. 
it a (D.K.P. (505, 108) has proposed the pro- 
lion of lime soap in tlic first instance, and this 
hen introduced into a, boiling solution of car- 
ite of soda, or potash which decomposes it into 
ilkali soap and carbonate of lime, Pottam (D.E.P. 
9(59) again separates the free latty acids from 
ime soap by treatment with gaseous sulphurous 
The correct preparation of tlic lime soap is 
itial ; it is carried out by Krebitz in the follow- 
iianner : — 

he neutral Tat, heated up to about 100’ C.,is 
irately mixed with an equivalent mass of milk 
me prepared from pure lime, whereby a thick 
sion is first of all produced, which is left to stand 
,ly overnight protected from cooling. Thcrel)y 
)rmed finally a solid, though easily powdered 
soap, which is ground up and washed wit h 
r, in which it is insoluble., in order to remove tlsc 
irine. The stifliciently washed soap pewder is 
, as already mentioned, treated with a solution 
kaline carbonate, whereby the decomposition 
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into alkali soap and insoluble calcium carbonate is 
effected. 

2 _ Decomposition of Fats by SuLPinTitic Ac in. 

As has already been shown with formnlai, by tJic 
action of sulphuric acid on glycerides, coin])cum(ls 
are produced of the fattv acids and tlic glycnrine 
with sulplmric acid, and these arc them dc(;om]>osc!(i 
by water into fatty acids, glycerine, and sulpluiiic 
acid. Although in all cases in which sulphuric acid 
is employed, these reactions must take plac;e, tluc 
process is capable of being carried out in very dif- 
ferent ways, and one distinguishes especially tlie sa- 
ponification in the slow way, and the so-called rapid 
saponification or fractional saponification. 

The slow saponification of the fat is accomplislicd 
by the use of sulphuric acid at a low temiieraturo ; 
the more sulphuric acid one employs, and tlie lowei' 
one keeps the temperature, the longer is the tiiiKi 
required for the decomposition of the fat to bo carried 
to completion, and a proportionately larger mass of fat 
IS lost owing to further decoiiiposition, both as i-o- 
gards production of fatty acids and of glycerine. 

In the first instance, therefore, one employed as 
inuch as 37 percent of sulphuric acid of the weight of 
fat, and completed the process by gently heating to &(;- 

92° C. for twenty-four to thirty-six hours. Suhsc'- 
quently one proceeded with ever decreasing quantltic'.s 
of sulphuric acid, and raised the temperature to 100- 
120" C. in order to complete the reaction with the use 
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of only 5-L per cent sulphuric acid in a period ol' 
twelve to eighteen lioars. That tire chemical process 
of sapoiiiiication of fats with sulphuric acid, which 
tlieoretically takes place in a very simple manner, in 
[)ractico is not by any means so simple, is proved by 
th(i behaviour of the heated mass. It evolves vicrlot 
vap)Ours, empyreumatic smelling oils, sulphurous acid, 
and vapour's of ao.'olein iir such considerable qirairtity 
that tire decompositioir vessel irrust be made absolutely 
closed, and an exit provided for the vapours evolvcid 
during the heating. 

The vapours of acrolciir are pu’oduced by the de- 
compositioir of gdycerine ; not only this, but the fatty 
acids ai'e also attacked, aird a Irlack-coloured mass of 
a pitcli-lilce nature is fonncid, which can he separated 
from the fatty acids only hy distillation of the latter. 
Tlie total loss which occurs in tliis process is very 
considcrahlo, and may anroimt to 20 per cent of tire 
fat employed ; only in very rare cases is it less tlrau 
f‘2 per cent. 

After completing the sapoirification the irrass is 
treated with hoiling water to separate the fatty acids 
from the glycerirre and sulpihuric acid ; tire fatty 
acids ai'e, worked up further into pure stearic and 
palmitic acid, while the sulplmric acid and glycerirrc- 
coirtaining licpiid can he either worked up directly 
for glycerine, or can he turned to good account by 
using it for the decoiu])osition of lime soap. One 
obtains then besides free fatty acids and gypsum a 
li(piid which contains acid-free crude glycerine. l<’or 
the method of quick saponiliuatioir or fractional 
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saponification one takes a small quantity of fat, 
raises its temperature to 90-120" C. and mixes 
thoroughly with sulphuric acid, leaves in contact 
during a short time — for a few minutes, or even half 
an hour — and tlien allows it to drop into boiling 
water; in this glyceriiie and sulphuric acid dis- 
solve, whilst the fused fatty acids collect as an oily 
layer on the surface of the liquid. Working in this 
way it is sufficient to use to 4 per cent of sul- 
phuric acid, and the reaction, which for its comple- 
tion by the older process required many hours, is 
finished in a few minutes ; one chief adventage of 
this process lies, however, in the fact that there is 
only a small loss by decomposition of fat and sul- 
phuric acid ; it evolves very little sulphurous acid, 
and an acrolein odour is scarcely perceptible. 

In place of the sulphuric acid alone a mixture cf 
sulphuric acid with nitric acid lias also been used for 
the purpose, in order to prevent coinpletely the for- 
mation of dark-coloured products which, when work- 
ing with sulphuric acid alone are never quite 
avoided. The treatment of the fats with this acid mix- 
ture takes place at a, temperature of 110-115° for a 
few minutes. There is employed to 1000 parts of 
fat 4-G parts of nitro-sulphuric acid, and by this 
process also the glycerine is obtained in a, completely 
unchanged condition. 

Anhydrous zinc chloride effects decomposition in 
the same manner as acids, and one can carry out 
the decomposition rapidly by using 10-12 per cent 
of the weight of fat, and a, temperature cf 150- 
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200° C. ; the zinc chloride which has absorbed 
water can be again regenerated in the anhydrous 
condition, and the same mass of zinc chloride — of 
course maldng up the part missing through inevi- 
table loss — may be used over and over again. In 
addition to the lower price of sulphuric acid, how- 
ever, the regeneration of the anhydrous zinc chloride 
is accompanied l)y an expense which is higher than 
tlie cost of the sulphuric acid, for which reason this 
process has not found employment in practice. 

Tinj Twitcheltj Procuss. 

Although the sulphuric acid process is to-day em- 
ployed (mly c(mxparatively rarely, .yet there results 
from this the Twitchell process, which is utilized es- 
pecially for the production of fatty acids for soap 
manufacture. Iii this process there is used, instead 
of sulphuric acid, a combination of sulpho-oleic acid 
with naphthalene (D.E.P. 114, 491). The fat to be 
decomposed is heated to about 50° in a vat provided 
with an air-blast and steam coil, and mixed, <with 
vigorous stirring, with 1-5 per cent sulphuric acijp at 
()0“ B. The addition of sulphuric acid, after the ad- 
dition of which the agitator is kept goiixg, has the 
object of ])uri lying the fat l)y the destruction of al- 
buminous and mucilaginous matter, and preparing it 
for the subscuiuciit decomposition, but tlxe acid em- 
ployed should not lai stronger than mentioned, be- 
cause othei'wis(i it attacks the fat itself and colours 
it brown. 
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The sulphuric acid, diluted by the condensed 
steam, is then drawn off, aiid the fat transferred to 
the splitting vat, where oiie mixes it with about 
0'33 per cent of the previously mentioned combina- 
tion of sulpho-oleic acid and naphthalene, adds 50 
per cent water, and boils by introduction of steam. 
The splitting vat is made of pitch-pine woo&— iron 
or lead would retard the decomposition. The con- 
ducting pipe for the steam is made of brass. 

When the mass has boiled slowly for twenty-foul: 
hours, as a rule 85 per cent of the fat will be split. 
At this stage, in order to exclude the fatty acids from 
contact with air, whereby they become discoloured, 
one allows steam tu blow on to the surface of the 
liquid. Then the mass is left at rest for the glycer- 
ine water to settle. This, tlio so-called “ first water," 
is drained off, and fresh water added. The whole is 
then boiled further, with addition, if necessary, of a 
little more sulphuric acid, until in all 92-95 per cent 
of the fat is split, which requires as a rule a further 
twenty-four hours. 3for neutralization of the free 
sulphuric acid one utilizes barium carbonate, and 
afflt the settling of the barium sulphate, the fatty 
acids and glycerine water are drawn off. 

B. Decomposition on Tats :hy Steam. 

When a fat is heated with steam under pressure to 
220°, decomposition into free fatty acids and glycer- 
ine takes place. In practice, where this autoclave 
treatment is employed to a very considerable extent, 
one takes care, however, to accelerate this reaction 
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by t]^e use of assisting or catalytic agents. As such 
comes into consideration first lime and then magnesia. 

The process of fat splitting by steam under 
pressui'e is carried out in special appai'atus, the 
autoclave, which sustains a pressure of 12-15 at- 
mospheres, and therefore must be tested at a higher 
pressure. The fat-splitting takes place" in thebe- 
ginning moderately quickly, so that perhaps after 
expiration of an hour, already fid per cent of the 
fat will be decomposed. Then the reaction slackens 
itself, however, and in order that the heating may 
not be unduly prolonged, one has recourse frequently 
to the expedient of not carrying thoi splitting quite 
to completion in the autoclave, but to split the 
rest of the iieiitral fat l>y trcjatment in the acidi- 
ficator with concentrated sulphuric acid. This 
treatment possesses especial importance for the 
stearine maniifactm-ev, since during the treatment 
with concentrated .sulphuric acid, a simultaneous 
transformation of the oleic acid takes place, isoleic 
acid being produced. This is .solid, and conse- 
quently the yield of fatty acid suitable for candle 
manufacture is materially raised. Of course the 
fatty acids arc dark coloured after the a.cidiiication, 
due to decomposition products ; tliey are thei’efore 
washed with water, and subjected to distillation. 

d’he jiroccss of fat-S)>litting is different in general, 
according as it is carried out for stearine or soap 
manufacture. In the first case tallow is mostly 
employed, then bone fat and ])alm oil. The 'fats 
are first of all subjected to a refining process, in 
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order to separate albuminouR iniittor, oio., and ai‘(i 
then introduced into tlio autodave vvlierc they a,ro 
treated, witli. addition of. nia^moHia (l)-r> to I per 
cent), durino six to oijj;iit Jioiirs, imdnr a prcssni'o of 
12-15 atmoKphcres. A decamvpoKitiun oC up to U5 
per cent is thereby obtained, ait(!i- wltieb follows 
the previously describcid iuu'di/ic.ation. 

The course of the decoinposilion is shown in the 
following tal)le by J>. Ijacli, wbic.li iiiiiiealos bow 
the process gradually bcicoines slower'. 

Tlie mass contains : — 
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Jtcsidcis tiu! siibstaiuaiH alrctady mciitiioMed alkit- 
lies, sulphuric acid, and st(!aiu under pressure the 
decomposition of fats Into fabty ae.ids and I'lyeeriiie 
can also be (‘.IhHiied by nuiaiis of otliei- agents. I<’nr 
this purpose ai'o particularly use.ful c.iTl,ai!i eii/.ymes 
which are lound in the s<Uids ol many plaiUts, (!sp<‘e.i- 
ally in castoi' seeds, a,nd ilui'ing the |a,st few yea-rs 
the cjmymo or fcmumta,tion process of l'a,l.'Splitiin>; 
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has attained considerable importance. The process 
is quite analogous to that with sulphuric acid or 
steam, and as with these two latter reagents, so the 
enzyme docs not take any active part in the re- 
action, but acts rather by its mere presence, so that 
its mass and substance remain unchanged. Theo- 
retically, therefore, only quite a small quantity should 
be able Lo split an infinitely large mass of fat. In 
practice, however, one always takes a considerably 
lai'i^er quantity, in order to produce a certain re- 
action velocity. 

Originally merely crushed or ground castor seeds 
were employed for tlzc Jermentation fat-splitting 
process, but it lias been found that the use of an 
estract is far more suitable for the purpose. A 
peculiarity of all enzymes is that they are only 
active within certain fixed limits of temperature. 
Below the most favourable temperature the action 
is always slower and more feeble, though by raising 
the temjjeratitre to that iiiost suitable the activity is 
restored, and consequently has not been destroyed 
by the cold. When tlic best temperature is ex- 
ceeded, a slackening of the action also occurs, while 
at a certain temperature, most undoubtedly at 70“, 
the enzyme completely loses its activity, and is de- 
stroyed. 

Tlic enzyme method of fat-splitting is carried out 
by melting the fat in. a pan with a conical bottom 
and fitted with a steam coil, the temperature not 
being raised too high, since the best temperature 
lor the ferment action lies between 25 and 35°, while 
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above 40" it is very considerably reduced. The 
molten fat is kept at about 30°, iiiixed with about 
half its weight of water, and a small quantity of 
castor seed extract added, whereupon the whole is 
thoroughly mixed. It forms a thick emulsion, m 
which the splitting of: the fat slowly takes place. 
It is mostly ended after six or eight hours, when 
some 80-86 per cent of the fat will be decom- 
posed. The addition of manganese sulphate hastens 
the decomposition. 

At the end of the tune during which the enzyme 
is allowed to act on the fat, the mass is heated to 
100" to kill the enzytne, after which the mass is 
allowed to rest. It settles into three layers, tlic top 
one being the pure fatty acids, the middle one an 
emulsion of fatty acids and ferment, this being con- 
siderable when one uses merely cruslied castor seeds 
instead of: the castor seed extract. The bottom 
layer consists of the glycerine water. All tlu'ee 
layers are then further dealt with. 

The Natube oe Glycerine Water. 

By employing one of the above-mentioned pro- 
cesses for the decomposition cf fats, one always 
obtains liquids in which, besides water, larger or 
smaller quantities of glycerine are present. In addi- 
tion to these two bodies there are also found m tlu! 
liquid all those substances which were admixed W'ith 
the original fat employed, or were introduced during 
the saponification or process of decomposition. The 
raw glycerine liquor therefore in most cases possesses 
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an evil, often very disagreeable odour, and a yellow- 
brown to darlc-brown colour. 

The liquid which is obtained by the decomposition 
of lime soap with sulphuric acid, has always a con- 
siderable quantity of calcium sulphate (gypsum) in 
solution, since the gypsum, which is only slightly 
soluble in water, dissolves much more easily in a 
liquid coatiiining glycerine than m water. This 
solubility of calcium suljihate renders it diflicult to 
producii a glycerine quite free from lime from a 
glycerine water produced by the decomposition of 
lime soap. 

If th,e saponification of the fat is carried out under 
high pressure, so that one uses, as has already been 
mentioned, a very small quantity of lime or magnesia, 
it is then easier to produce from tlie lyes which are 
yielded by tlic decomposition of the lime soap a 
glycerine which will contain only a very small 
quantity of lime. Absolutely lime-free glycerine, 
liowover, is scarcely obtainable in this way. 

Ily tlie saponification of fats with sulphuric acid — 
if one does not work according to the quick sapoui- 
fiuaticm process — a very large part of the glycerine 
present is com})lotely lost, owing to its decomposi- 
tion ; the raw glycerine obtained is very dark brown 
owing to the numcixms dccomposition-])roclucts wliicli. 
are dissolved in it, occasionally quite black, and it is 
very dii'licult to pi'oduce fromraw glycerine which lias 
been obtained by the slow sapouification witli sul- 
))huric acid a product freeTfrom colour and odour, 
in any case the cost of this is so high that one 
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usually does not attempt to produce a first-class pro- 
duct from such glycerine, but rather sells it in a not 
quite pure state. 

The best yield cf fatty acids, as also of glycerine, 
/both in regard to quantity and quality, is obtained 
,by saponification with steam under high pressure. 
In addition, this process is extremely simple and 
costs little, so that it must be described as that 
which above all others is to be preferred. Bor this 
reason, the largest stearine and glycerine works at 
the present time work exclusively according to the 
process of saponification with steam, and it is really 
through the employment cf this process that the 
production of almost cheinically pure glycerine, in 
any desired quantity, first became possible. 

Eecoykry OB Glycerine from Soap Lyes. 

The saponification process takes place, .so far as 
the substances arising therefroin are concerned, 
always in the same way : there is formed a combina- 
tion of the fatty acids with abasic substance (potash , 
soda, lime, etc.), while the glycerine is liberated in 
the free state. Glycerine, therefore, is always pro- 
duced as a by-product in the manufacture of soap. 

The production of soap is carried out, as is well 
known, in small soap works by boiling the fat with 
potash lye until saponification is complete, and the; 
potash soap so formed, which because of its lack of 
firmness is not well suited for many purposes, is then 
converted into sodium soap. This is effected by 
adding common salt to the potash soap, whereby 
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(loiiiiki (U'OoiniKisiiion uiki'.rt plac.v, in Hiich a way (•hat, 
sodium soiij) is I'ornu'd, and j>(ii,assium (-.liloi’idn 
into solution: the soaps arc, witli tlia oxtHiption of 
tliat prodiic.ud From corotiuir oil, iusoliiljia in hrinu, 
and a,ro thomfora stspiU’al.ad out hy adiii(,ion of an 
oxcoss of salt, Of, a.s tlia taclimh'.al axprassiou has it, 
salted Of fifaiiiad out. 

In the hifi'af soap Wofks, ona saponilias diraat, 
with, soda lya, Uiiid so)na.(,imt*s ca, frit's out tlia f;f!i,|u- 
iii^f out nut \vi(,li common salt, Iiiil, hy luldilimi of 
vary aoiuuml.ratad c.aiustic lya, which likewise causas 
l;ha scpafaition of iiha soa|i. In l.ha sta.aric acid 
factofy, liiially, one manuractufcs l,ha oleic acid, oh- 
taimsl hy pfi'ssufc. oC the fatty acid mass, directly 
into soa/p hy hoiliiic it with cuiustic lye, 

1 ’lm waste lye I'rom the imuinractiire of soa.p, a.c- 
cofdin^' (.0 (-he. old pfoccsses, conta.ins p(ita.ssium 
chloi'idc or sodium chloride, Uiiid iwcess of free a,lkali 
in addildon (,o jj;lycei’inc, and ca,n he euiployi'd under 
I'avouraihle cii'cunistanccs for (•he pfoduid.ion of (he 
lattci'. h’ormcriy (.his prodiud.ion wa,s aic(,ually caffied 
mill, hid; in a, rather nnsatisl'actory wa,y, (he excess 
of (’rcc ailka,li in (,11(1 lyes hciiif^ cxacUy ncidrali/cd 
with hydrochloric a.cid, and (.he liipior a.Ilms'cd to 
ovaporato on the water-haih. 'I'heri' wa.s I'ormed in 
this way a ma,ss of salt, whirh a,lwa,ys remained 
sticky on acxanint of the. jj;!ycefine admixed with it. 

d’his sa.lt muiss was treati'd with stroiie (hO per 
cent) alcohol, whieh hrin^'s into solid. ion only very 
litl.le of the salt, hut very easily (.he whole ipiantil.y 
of the fflycerine, Tlic solution separated from the 
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salt mass was freed froni alcohol by warming up to 
100° C. in a distillation plant, and one obtained as 
residue in the retort a syrupy liquid of yellow to 
brown colour — impure glycerine. 

Glycerine may be recovered from the lyes of the 
soap-boiler in a less costly way, by evaporating 
the neutralized lyes in shallow open pans over a 
fire until its boiling-point reaches 109° C., like the 
boiling-point of a concentrated solution of common 
salt. The neutralization is absolutely necessary, 
and indeed is so carried out that neither an excess 
of alkali nor acid reniains in the liquid, as the pres- 
ence of either causes the glycerine to be badly con- 
taminated by the formation of decomposition pro- 
ducts. 

During the evaporation, salt continuously separ- 
ates out from tlie liquid, and this is removed by 
means cf suitably formed rakes at the edge of the 
pan, lifted up, and brought into a basket which 
hangs over the pan, so that the liquid mixed with 
the salt can drop back again into the pan. 

The temperature- of 109 C. is finally reached, 
when one allows the liquid to run off into a distilla- 
tion apparatus, in which it is further concentrated, 
until the thermometer, which is immersed in the 
liquid, reaches exactly 193° C. : the heating by fire 
is then stopped, and a stream of superheated steam 
led through tlie liquid, the fkw of steam being so 
regulated that the temperature does not fall below 
193" C., and does not rise niuch above this point, as 
in the first case no glycerine would distil over, and 
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ill the other case tlic glycerine might bo contamin- 
ated with acrolein. 

The lyes of the soapmaker contain 0-92-1-8 
per cent of glycerine. ^ One cools it thoroughly, 
filters to remove suspended matter, evaporates it up 
to a glycerine content of 40 per cent, acidifies with 
hydrochloric acid, filters, concentrates it in vacuo up 
to 80 per cent, cools tlioroughly, and filters. This 
crude glycerine is distilled in vacuo. The portion 
passing over between 170" and IBO" is once-distillccl 
glycerine of commerce ; by repeated distillation it 
furnishes pure glycerine. Or one mixes the lye with 
sulphuric acid, filters, evaporates in vacuo up to 22“ 
B.,then in another apparatus to 28“ B., whereupon 
most of the common salt separates, and can again 
be used for tlic salting out of soap. The glycerine 
is distilled in vacuo, then concentrated in vacuo u.p 
to a specific gravity rf 1-263, once more distilled 
and concentrated, and finally decolorized with animal 
charcoal. 

Tlic evaporation apparatus which one uses for the 
concentration of the lyes are so constructed that 
under them are cylindrical vessels with sieve bottoms. 
These salt-bo.xes are during the evaporation coin- 
bined with the upper part of the evaporator, so that 
tlic salt separating during tlic evaporation falls into 
tho box and collects on the sieve. When the box 
is almost filled with salt, which can be ascertained 
through spy-holes, one shuts tlzc connexion between it 

* TraiiHMm'n naU'.-— It i.s trcquimtly highci- in tins country, mid 
may rniicli its imicU as 7 pei- cunt.. 

4 




50 



GLYCERINE 



and the evaporator, and establishes only a connexion 
between this and the part of the box to be found 
under the sieve-bottom. The vacuum prevailing in 
the evaporator is thus transmitted thither. IF oiie 
now allows air to pass into the upper part of the 
box, then the atmospheric pressure forces the liquid 
contained iit the salt along, and finally into tlic 
evaporation apparatus, whereupon one covers yet with 
steam, in order to obtain all the glycerine out of tlic 
salt. 

The salt inass one brings finally into a CGiitrifugo, 
where it is extracted with water until it only contains 
0.25 per cent glycerine. With the help of this 
apparatus, one is able to produce from lyes crude 
glycerine of 80-84 per cent glycerol arid 9-JO per 
cent ash. 




OlijVrTl^K IV 



THK PRODUCTION OF PUKR OLYOKEINF, 

Wi-uoN it was commenced to pi-oclii.ee glycerine on a 
large scale, one had to contend witlr innumerable 
difliculties in order to obtain a product whicli was 
not only colourless and brilliant, but also odourless. 
The absence of odour was especially difficult to 
obtain, and it was consequently attempted to per- 
fume the really evil-smelling glycerine— -it owes this 
unpleasant smell to the admixture of a small quantity 
of acrolein. — For the expert, however, no deception 
was possible, because tire smell of acrolein is so 
characteristic that it stands out clearly above any 
other smell which is intended to mask it. 

It was oai'ly tricjcl to concc-mtrate glycerine by 
evaporation until it l)ugan to distil, and the distilla- 
tion then oan.'ied on in closed vessels (stills). But 
though one proceeded cautiously in tliis way with 
the distillation, it was yet, and especially towards 
tho end o(: the operation, aln.rost impossible to avoid 
the formation of a small cpuurtity of acrolein. 

It was fui-thcr souglit to obtain the glycerine 
water clear and at tJie same time fr-ee from odorous 
substances by means of filtration thimigli bone- 

i' r, n 
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charcoal; this accomplishes the first, hut iiot the 
second, object, and the glycerine absorbs, in con- 
sequence of its large solvent power for lime salts, 
considerable quantities of these out of the bone- 
charcoal. 

It was not until the introduction cf aqueous saponi- 
fication that the perfecting cf the production of pure 
glycerine on a manufacturing scale was satisfactorily 
accomplished so that there is in existence in coni- 
merce true glycerine, which can be regarded as 
chemically pure and coiisists really only of glycerine 
and water. 

The employment of absolutely pure fats may be 
regarded as the main condition for the production 
cf pure glycerine in this way, because otherwise the 
foreign matters remain behind in the glycerine sol- 
ution, and cannot be quite completely removed from 
it. The fats to be employed therelore — more es- 
pecially in the case of animal tallow — niust, before 
they are ready for saponification, be purified with the 
utmost care, and this is accomplished by treatment 
of the same with very dilute sulphuric acid or soda 
lye, with simultaneous heating. All membranous 
parts, which are mixed with the tallow, are thereby 
destroyed, and the decomposition products arising dis- 
solve in the acid or alkaline liquid, on which filially 
floats the pure melted fat, which is either moulded 
into blocks, or immediately brought into the de- 
composition vessel. 

The decomposition of the fats is conqilctely d- 
fected in this decomposition apparatus, and witli the 
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employment of the smallest possible quantity of 
water, so one obtains immediately a very pure crude 
glycerine, which only needs to be refined and evap- 
orated with suitable precautions in order to give 
after distillation pure highly concentrated glycerine. 

The removal of these foreign, contaminating sub- 
stances is also necessary on this account, tliat it 
would give rise to tlie most objectionable foaming 
during the suhse(|ucnt manufacture. The contam- 
ination consists, according to tire origin of the 
glycerine water, of soap, fatty acids, albuminous 
matter, etc. One removes these substances by boil- 
ing up, neutralising, and sidisequent treatment with 
sulphuric acid, whereupon one filter.s. The glycerine 
so purified is then concentrated in the vacuum ap- 
paratus. Quite pure glycerine should be obtained, 
which is steam distilled in vacuo. 

Thk Distillation <.)p Glyc!ki«ne. 

If one concentrates and finally distils glycerine 
over an oj)on fire, it is not possible to prevent a jiart 
of the wall of the still becoming heated above the 
boiling-point of the glycerine, and the glycerine 
vapour coming into contact with it yields a small 
(luantity of acrolein. In order to avoid this defect 
heating with an open fire has l)een quite given up, 
and in its stead heating with superheated steam 
introduced, the steam being passed direct into the 
glycerine. 

So long as excess of water is contained in tlie 
glycerine, one can allow the steam to enter the 
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liquid at a temperature of 800" C. and more; it 
then only evaporates water. When, liovvever, the 
temperature in the distillation apparatus reiuvlio.s 
280° 0. the glycerine itself begins to boil, and now 
the greatest attention must be given to tlio regula- 
tion of the steam; one adjusts it in such a way thn.t 
the temperature remains constant between 280'' ii,n,d 
290° C. The glycerine distils tlien in, the sbauii 
without any decomposition, and passes over iputc; iini- 
foiml;) . Instead of ehecting the (‘oucenti*atioii hy 
directly introducing superheated steam, one iilso oc- 
casionally finds a steam coil inserted in the distilla- 
tion apparatus, through wdiieh one first allows to (siss 
ordinary steam at 3-4 atmospheres pi.'essui'e, sluit- 
ting this off as soon as the ter.uperaturo in the still 
has become similar to that of the steam. One then 
allows, immediately after shutting off the. ordinnry 
steam, superheated steam to pass until tlio temprn'- 
ature of 280° C. is reached, when mre also .shuts off 
this steam, and henceforth allows suporlicated steam 
to pass directly into the contents of tire still IVu' tin; 
real distillation of the glycerine. 

The cooling of the vapours talms jilaee in a c,)n- 
denser of unusual construction, the res])oetive ap- 
paratus being arranged in the following manner ; 

The copper coils — six in nmnlxir— lie in a plane 
parallel with each other at the bottom of a, tanlc 
which IS fed continuously with cold waha-, and ard 
at the ends bound together witli curved blocks. 'I’o 
each of these curved ends is fixed a tube whicli 
goes vertically downwards throug'li the bottom of the 
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cooling vessel, and underneath the same is bent in 
the form of a U (siphon-shaped). Under each of 
these tubes is placed a vessel for the reception of 
the glycerine. 

The glycerine vapours are so much the less vola- 
tile, as they contain- less water, and consequently 
the condensation takes place in the following way : 
the glycerine most free from water condenses in the 
first of the condensing tubes, and flows olf through 
the first U-tube : afterwards the vapours are passed 
through a second tube, where condenses a glycerine 
already ricli in water, which runs old through the 
second siphon tul)e, etc., until finally only pure 
water flows out from tlie last tube. 

An apparatus of this kind, but of newer con- 
struction, is shown in Fig 1. (according to Ubbelohde) . 
The retort A, made of copper, wrought iron, or cast 
iron, has at its base a draw-off cock B., through 
which, after termination of the distillation, the resi- 
due is withdrawji. Into the still passes, through 
the tube F, steam from the steam superheater D. 
It enters through, the steam distributor Cl int,.> the 
glycerine, which ))asse.s into tlie still from ihe re- 
se).'V(.)ir H through the cock and tube J. iPor the 
control of the temperature in the still and of the 
superheated steam the thermoineters K and E are 
used. 

Tire vapours escajring from the still through, the 
neck Ij are first of all usefully employed to warm the 
glycerine in ,H. Hereby is already condensed a part 
pf the vapour wlrich is withdrawn at M. The 
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vapours reach several cooling tubes, standing side 
by side, and made cf copper, from whose under ends 
the condensed liquid can be drawn off through the 
siphon-shaped bent tubes. Those vapours, which 
have passed even through the last cooler uncon- 
densed are still further cooled by means of cold 
water. The distillate collected in the last of these 
coolers consists then merely cf water. 




FIG. 1. 

The temperature of the entering steam reaches 
mostly 260“-290°, the temperature in tho still 
200 "-‘220°. The glycerine which is obtained from 
the first receiver contains oiily about 1 0 per cent 
water, corresponding to 28" B. In the following 
receivers collects more and more dilute glycerine). 
The distillation proceeds continuously, glycerine flow- 
ing out of H into the mass as it evaporates. Finally, 
however, there collects a large mass of non-volatilo 
residue in the still which is decomposed by heat, 
and contaminates the distillate. Acrolein is formed, 
and further, the glyceriiie becomes coloured yellow. 
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When this point is I’eached one shuts off the inflow 
of glycerine and distils the contents of the still to 
the end, and then collects the distillate separately. 

Finally the distillate is concentrated in vacuum 
apparatus, and if quite pure glycerine is to be pro- 
duced once more distilled in vacuo. 

As descrilied liere the distillation takes place under 
the ordinary atmospheric pressure, a proceeding 
which is attended witli certain inconveniences. One 
employs therefore mostly distillation in chambers 
under reduced pressure, whe.rel)y one can distil at 
lower temperatures and obtain a purer product of 
higher concentration. 

As is well known the boil ing-])oint of a liquid de- 
pends on the superincumbent pressure, and becomes 
so much tire lower as one reduces the pressure. 
This law of nature has long since been made use of 
in the mauufactxxre of substances which are easily de- 
composed at high temperatures : in sugar factories, 
for example, the evaporation of the sugar solutions 
takes place exclusively in the so-called vacxxum ap- 
paratus, in which through exhaustion of the aii', and 
continuous condensation of the escaping water vapour, 
very low pressure is obtained. 

Tn order to obtain glycerine by distillation com- 
pletely colourU;ss and free from any smell, the distil- 
lation apparatus has been constructed of a similar 
type, so that the distillation of the glycerine takes 
place under reduced pressure. 

The head of the still is, for this puj'pose, fitted 
perfectly airtight on to the still, and also connected 
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with an airtight joint to the condensing plant; the 
tubes fixed to the still head and leading downwards 
are in this case, however, straight, and the vessels 
which serve for the collection of tlie glycerine flowing 
oirt of these tubes are also fitted airtight with them. 
The end of the cooling tubes is connected with a 
double air-pump of suitable size and with the receiver 
for the condensed liquid. 

As soon as the distillation vessel is filled up to a 
suitable height with the crude glycerine, one sets 
the air-pump in action, then allows steam to enter, 
and accomplishes the distillation under the continu- 
ous action of tlie air-pump in a shorter time, and 
at a much lower temperature than that at which 
glycerine boils under ordinary atmospheric pressure. 

Whilst at the ordinary atmospheric pressure (760 
mm. mercury) the glycerine boils constantly at 290“ C., 
boiling takes place, at a pressure of 500 mm. mercury, 
already at 210'’ C. ; when one has a pressure of only 
12.5 mm., then glycerine boils at 179-5°; and it is 
therefore advisable to provide the distillation ap- 
paratus with, a very strongly acting air-pump, so that 
a very low pressure can be obtained. By adequate 
influx of steam the boiling then takes place very 
quickly, and the distillation is completed in a very 
short time. 

The apparatus of ITeckmann (Fig. 2, after Ub- 
belohde) illustrates the principle of this apparatus 
(D.R.P. ()547.) The glycerine to be distilled is placed 
in a walled-in still A, into which superheated steam 
at 300°-800° C, is introduced. The glycerine vapour 




60 



GLYCERINE 



passes over through the tube B into the cooling re- 
ceiver C, which is of similar construction to thu 
tower of an alcohol-rectifying apparatus. It is ])ro- 
vided with a heating arrangement D in order to main- 
tain the temperature at about 80°, so that tlui water 
present in the condensed glycerine is caaised to 
evaporate. The vapours rise tlirough. a numbea- of 
stories E, which are arranged over C, and with 
breaks at F, which allow of the passage tlu'ough of 
the vapours. Covers G and overflow tuhi's 11 are 
provided, through w'hich must run tlie glyooriiu! enn- 
taining liquid collecting in any single story, whilst 
this runs downward through the overflow tuho from 
one story to the other. In this way the liiiuid 
always comes again into contact with tire liot va])Our 
streaming in, whereby it becomes tire strc.ing(a,' in 
glycerine the more it appi'oaches C. Finally the 
hitherto uncondensed vapours proceed thence, into 
the condenser J, which is cooled with just siirikvicint 
water, so that only little water but all the glycta'ine. 
is completely condensed, and proceeds back into tlu^ 
story E. In order that the condensation of tlu! gly- 
cerine may be complete one employs further a cum- 
densing arrangement K, from which tlirougb Ij tlie. 
condensed liquid passes likewise to E. The; vapovu's 
now freed from glycerine are finally condensed com- 
pletely in M. The condensed liquid, consisting almost 
entirely of water, passes through the gauge N into 
the collecting vessel 0, to which a powerful aii.'-pmnp 
is connected. The water removed by means of II le 
gauge should test at the most 1° Be. ' A higlmi- c:on- 
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centration would indicate that tlie condensation is 
not taking place properly, and too much glycerine is 
passing over. 

Varying from tlic above description is the ap- 
paratus lor the distillation ol crude glycerine con- 
structed by Vari Euymbedve and W. F. J'obbins 
(D.E.P. 86,829). In order to avoid any decomposition 
of glycerine wliich the use of superheated steam 
brings about, and loss of Ireat through the expansion 
of tlic steam introduced into the still, and also to 
prevent tlio slaclcening of distillation throngh the 
steam condensing in the boiler, the inventor allows 
the steam to expand in a coil enclosed in a hot vessel, 
whence it first enters the still. 

In practice the Euyuibecke apparatus has proved 
very good, since it presents many advantages over 
the apparatus of tlic older systems. One such is 
that it can be employed as well for the distillation of 
saponification as of soap-lye glycerine. 

Thu EiLi’JivnoN of GLYCEitmE. 

In addition to distilled glycerines, refined glycer- 
ines which liave only been bleached l)y bone-charcoal 
are also used in commerce. .For tlris purpose they 
are diluted to nO per cent with water and passed 
thronglr a filter battery. 

As bleaching material bone-clrarcoal or spodium 
may he used, which not only extracts the colouring 
hut also any odorous substances; as, however, as 
alr(3ady indicated, glycerine possesses a strong sol- 
vent action on salts of lime, it l)ecomes colomless 
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and bright after filtration, but it has dissolved salts 
of lime from the bone-charcoal, and in order that 
these may be removed it must be delimed. 

Filtration of glycerine is a very lengthy operation, 
and to ensure a regular course of work it is abso- 
lutely necessary to have a sufficient number of char- 
coal filters ready, and so to combine them m 
batteries that the amount cf glycerine placed on tlio 
first filter, after it has passed through one or several 
batteries, should flow out cf the last filter as a 
perfectly clear and bright glycerine. With regard 
to their disposition, the filters used for filtration of 
glycerine are very similar to those used for the 
purification of sugar solations in sugar factories. 

As the absorption power of bone-charcoal lor colour- 
ing and odorous substances is not unliinitcd, the 
filters niust be renewed from time to tiinc. As a 
rule, the filter batteries are placed together in such a 
manner that, for instance, six filters are connected 
with one another ; the first iilter through which tlic 
glycerine flows will also be the first to become in- 
effectual as it will have already e.xtracted I'roin the 
glycerine large quantities of colouring and odorous 
substances. This filter is then removed, and at tlic 
end of tlzc battery a filter filled with fiesh bone- 
cliarcoal is placed, so that now the filter which was 
No. 2 is No. 1 and No. 0 is No. 5. No. (1 is tlic 
newly added filter. 

The porous bone-charcoal retains considerable 
quantities of glycerine, and this giyceriiie ean lie 
obtained by forcing it out with water which is led 
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flow into the filter. The glycerine is somewhat 
diluted by this process, and for subsequent distillation 
it is mixed with other fresh material. 

Bone-charcoal whicli carr absorb no more sub- 
stances from the glycerine is revivified in a similar 
manner to that adopted in sugar factories. Tlie 
charcoal is washed and the washing water can again 
be used for dilution of the glycerine, in order by this 
process to obtain the .small quantities of glycerine 
contained therein. This washed huno-cliarcoal is 
treated witl.i hydrochloric acid and soda lye, dried 
and heated to redness in closed vessels, whereby the 
organic matter absorbed by the cliarcoal is destroyed; 
and it can then again be ntilixed for the decolorizing 
of more glycerine. 

If ordinary bone-charcoal is used for the filtration 
of glycerine, salts of lime are dissolved froan the 
charcoal, which in some cases in which glycerine 
is used, are of no importance; glycerine wliich is 
used for certain, notably medicinal purposes sliould, 
on evaporation, leave no :l•()sidue and, therefore, it 
should ho delimed and again distilled. 

In order to avoid the forinatioii of any colour- 
ing matter, this distillation should hii proceeded witli 
in the most careful maniuir with regard to teni])ora- 
ture, and 290" C., the actual boiling-point of glycer- 
ine, should not he reached, hut tire addition of steam 
should be so controlled that distillation should take 
place at 287"-289'' C., and particularly in tlie case 
of this latter distillation the application of reducrid 
pressure is of the greatest advantage,, inasmuch as 
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the risk cf the formation of colouring substances 
is decreased the lower the temperature at which dis- 
tillation takes place. 

The filtration of glycerine over hone-charcoal is 
a very lengthy and tedious operation, therefore de- 
coloration is also carried out by heating the raw 
glycerine to 100" by steaming it in a boiler fitted 
with a stirring device, adding a bleaching agent, such 
as black spodiuni powder, etc., and then' carefully 
stirring it. Generally 3-15 per cent bleaching 
material suffices, and within one to a couple cf hours 
sufficiently thorough bleaching is obtained. This 
lias the further advantage that the glycerine then 
only absorbs very small quantities cf lime from the 
charcoal, so that subsequent deliming can be dis- 
pensed with. In the case cf glycerine bleached 
in the batteries already mentioned, however, deliin- 
ing is absolutely necessary. The bleached glycoriiu! 
is finally placed in a vacuum apparatus and brought 
to the requisite concentration. 

Deliming cf glycerine can be carried out in sucli a 
manner that the dissolved lime is converted into an 
insoluble coinpound which can be reinoved by filtra- 
tion. To this end sodium carbonate, sodinin o.valate, 
or acid sodium phosphate is added to the heated 
glycerine, which causes the formation of insohtble 
calciuin carbonate, oxalate, or phosphate. 
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PURirnOATION OF GtEYCFIUNH JiY MJOANS Olf CrYS- 

XAIRAZA'riON. 

Glycerine possesses the qaality of crystallizing at 
a low temperature, and by tliis ])mcesK a product of 
considerable purity ca,n lie obtained from fairly im- 
pure glycerine. Tire discovery of this crystallizing' 
property of glycerines was a mere chance ; in the 
winter of 1867 the la,rge stearin and glycerine 
factory of Sarg t'c. Go., at .Ihosing near Vienna, 
shipped a number of casks contirining glycerine to 
England, and one of tire easks ai’rived witlr the con- 
tents so completely crystalli/a'd that it had to be 
chiselled out of the cask. In 1870 Iviuut in Han- 
over invented a process Iry means of which, glycerine 
of every quality and in large quantities can be 
crystallized; this process is still sometimes used. 

Crystallization takes ]ilace in loadcn vessels, the 
mother liquor is jioured off after crystallization, and 
the crystals are freed from any of the mother liquor 
by being swirled r'ound in a very rapidly rotating 
centrifugal machine. On melting these, crystals at 
-H .18 to -1-20'’ C., very pure atid eokmrloss glycerine is 
at onoo pbtaiiicd. 
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The glycerine used in commerce, apart from its water 
content, which according to the variety generally 
fluctuates between 2 and 12 per cent, is practi- 
cally chemically pure and can be obtained entirely 
free from water if it be left for a few days in flat 
dishes over concentrated sulphuric acid. 

Glycerine free from water is a liquid as clear as 
water, of remarkably strong light-refracting properties 
and of a syrup-like consistency without any smell 
whatever and of an intensive burning sweet taste ; 
in the mouth, as well as on the skin of the hotly it 
causes a strong sensation cf warmth, because it ab- 
sorbs water very powerfully. Exposed to the air, 
all concentrated' glycerine absorbs a great deal of 
water therefrom, and further absorption only ceases 
when the water content of glycerine has risen to 
about 50 per cent. The specific gravity of glycerine 
is 1-264 and decreases when water is added. The 
table given below shows the relation between the 
water content of the glycerine and the specific 
gravity of the product in question, and, therefore, 

fOfh 
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when using these tables a simple determination of the 
specific gravity hy means of an ordinary hydrometer 
is sufficient in order to obtain at once the percentage 
of glycerine. 

On cooling below the freezing-pchnt of water, the 
glycerine congeals to a crystalline mass and fomis 
monoclinic crystals the size of a pea, of diamond 
like brilliance, particularly if crystallisation is stimm 
lated by introduction of a crystal. The crystals 
melt at -t- 17“ and glycerine which has crystal- 
lised and then lieen melted again, is said to remain 
liquid for half an hour even after cooling to- 20“ C. 

The freezing-point of glycerine diluted with water 
depends on the water content. The following table 
gives the specific gravity of acjueous glycerine solu- 
tions determined at 15" and the freezing-points : — 



Spccitlc Gravity 
at 1 0. 


(JlyooviuL'. 


Ki utzing-Point. 


1-021 


10 


- 1“ 


1.051 


20 


- 2-ri" 


1'075 


30 


- ir 


1-105 


10 


- 17-5" 


1-127 


50 


- 21.--3-T’ 


1-159 


(iO 




1-179 


70 


Ijolow - 35 


X-201 


<so 




1-232 


90 





1-24I !M 

If quite colourless glycerine is heated in open 
vessels, then after a time it becomes yellow and can 
be heated to 120“ C. without changing any further; at 
this temperature it begins to give off fumes which 
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smell like boiling glue ; at a temperature of 290” it 
boils; if the experiment is carried out in glass 
vessels, these should be placed on a sand-bath, as 
the glycerine boils so powerfully that an uupi’otoctod 
vessel would easily break. 

Glycerine evaporates noticeably at 100“, particularly 
with water-vapour. In a sufficiently ruu^ state of 
division it vaporizes even at tin; ordiiiaiy tempei-a- 
ture. In spite of this it is to be considered as a, non- 
volatile liquid which also does not change in the. air. 
Important is the property of glycerino that under 
reduced pressure it can be distilled with steam at 
temperatures of 180'’-200“ witliout decomposition. 

If glycerine be heated to 150", it (.sasily takes 
fire and burns with a steady blue fianui to carbonic, 
acid and water without developing any smell ; a wick 
is not necessary for this purpose. 

Glycerine is very hygroscopic, that is, it iibsorbs 
water from the air, and if fully concentrated gly- 
cerine be used it absorljs its own wengbt. With 
water, alcohol, and ether-alcohol, with concentrat('.d 
sulphuric acid, and caustic lye it can be iniNed in a, 11 
proportions, but not with ether, chloroform, bem/.ine, 
and fatty oils. It dissolves alkalies and alloiline 
earths, lead, copper, and iron oxidxq as well as imuiy 
salts and alkaloids. 

Glycerine prevents the precipitation of tlu! heavy 
metals by alkalies. Whereas, for instaiua’., c.aiUHtici 
lye at once precipitates voluminous coppeu' liydi-o.xide 
from a solution of chloride of coppen;, this do(!S not 
take place on boiling if glycerine be added, b’uscd 
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With potassium hydroxide, f>'lycerine gives acetic acid, 
formic acid, and hydrogen ; heated with phosphorus 
pentoxide or witlr sulphuric acid it gives acrolein. 
If a mixture of glycerine and oxalic acid be distilled, 
the glyceriiio remains unclrangcd, but the oxalic acid 
is split ixp into formic acid and carbonic acid. If 
the mixture is heated to over .100“, ally! alcohol is 
produced. 

.By means of diluted nitric acid glycerine is oxi- 
dised to glyceric acid and glycollic acid ; if the oxidiza- 
tion process is gentle, glycerose is formed, consisting 
principally of glyceric aldelryde, and dioxyaceton. 
Concentrated nitric acid oxidizes it to oxalic acid and 
carlionic acid. Plrosphorus iodide forms allyl iodide 
from which, essential oil of nmstard (allyl sulpho- 
cyanide) and garlic oil (allyl sulphide) can he ob- 
tained. 

If water-free glycerine is placed on the skin it 
causes a burning sensation owing to the extraction of 
■water. Administered internally 10-15 grammes suit- 
ably diluted has no oiffect, larger quantities liave a 
purgative action. In tlie organism the glycerine is 
partly combusted and partly separated again witliout 
any modification. Introduced into the blood, large 
c|uantities have a poisonous effect on tlui central 
nervous systtun, the int('.stines, and the ]<idncys. 

If glycc.vrinci is boiled in open vessels it gets darker, 
and in addition to glycerine vapours it evolves pro- 
ducts of deco.mpositiou wliich liave a very unpleasant 
smell, aiid in which are present, besides acrolein, acetic 
acid and otlier acids of the fatty acid series. Finally, 
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there remains a mass which becomes darker and 
darker and is reduced to ashes by strongly heating. 
Glycerine can be distilled without alteration only in 
a vacuum chamber and by means of a stream of 
super-lieated steam. 

Glycerine is characterized by its property of dis- 
solving a large number of substances which otlier- 
wise would only be dissolved with difficulty, and lor 
this reason it is used in many branches of technical 
chemistry; it is largely used in the manufacture of 
perfumes and soaps, further in dyeing works and 
also in medicine as a solvent. We give below some 
indications as to the solubility ol different substances 
in glycerine : 100 parts of glycerine dissolve 98 parts 
ol crystallized sodium carbonate, 60 parts of crystal- 
lized boras, 50 parts of chloride of zinc, 40 parts of 
alum, 40 parts of potassium iodide (according to 
Farlay, liowever, only i part of potassium iodide 
can be dissolved in 3 parts of glycerine), 33 
parts of potassium cyanide, 30 parts of ferrous sul- 
phate, 30 parts of copper sulphate, 20 parts of sugar 
ol lead, 20 parts of ammonium carbonate, 20 parts 
oft sal ammoniac, 10 parts of barium chloride, 8 parts 
of sodium sesquicarbonate, 7 -5 parts of chloride of 
mercury, 3-5 parts of potassium chlorate. Further, 
2000 parts of glycerine dissolve 1 part of sulphur, 
and glycerine is also an excellent solvent for salicylic 
acid, lor aniline dyes, ofc. Further 3 part ol iodine 
can be dissolved in 100 parts ol: glycerine, mercury 
iodide in 340 parts, quinine sulphate in 48 parts, 
tannin in 6 parts, veratrine in 96 parts, atropine 
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in 50 parts, morphine hydrochloride in 19 parts, 
tartar emetic in 50 parts, and potassium sulphide in 
10 parts of glycerine. 

Glycerine itself is miscible in all proportions with 
water and alcohol 'or with a mixture of alcohol and 
ether, but insoluble in pure ether, benzol, carbon 
bisulphide, and chloroform. 
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Peopebties oe Nitiio-Glyceeine. 



As early as 1847 the combination known undcn- 
this designation was produced by treating glycerine 
with nitric acid, and its e.xplosive qualities were also 
recognized. This combination was also called pyro- 
glycerine as a reminder of it.; analogy with pyr- 
oxylin or gun cotton which also possesses the property 
of e.xploding violently. 

The esplosive qualities of nitrated glycerine, how- 
ever, remained totally ignored until 18B8, when the 
Swede, Nobel, applied it to the science of blasting. 
The so-called Nobel explosive oil is nothing but 
nitro-glycerine, and to Nobel, though he did not dis- 
cover it, must be attributed the merit of having pro- 
duced it on a large scale and applied it as an 0 .xplosiv(i. 

The actual application of this oil as an explosive 
dates, however, only from that period (IKOT) when it 
was possible to produce it in such a form that the 
handling of this substance was no longer accompanied 
with such great risk as in the case of tlic explosive 
oil pure and simple. 
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The chemical constitution of nitro-glycerine has 
already been set forth; it is not a nitro-compound in 
the sense, for instance, that gun cotton and tri-nitro- 
phenol are, in which actually hydrogen is replaced 
by the radicle nitryl (NO,), but nityo-glycerine is in 
reality an ester of nitric acid ; in the same manner 
as in glycerine C,jIT.(OIT).j the three ’hydrogen atoms 
of the hydroxyl groups (OH) can be replaced by 
acid radicles, so it is possible to replace them by 
nitric acid, and accordingly there is also d mono-, di-, 
and tri-nitro-glycerine, that is compounds in which 
one, two, or three atoms cf hydrogen have been re- 
placed in the three hydroxyl (OH)poups by nitryl 
(NOJ. 

By treating glycerine with nitric acid all the three 
possible nitro-glycerines are obtained, the ibrmulije 
of which are as follows : — 

C„PL,(0H).(0 . NO, ) = mono-tiitro-gl}cerine 
0,jIir,(0H)"(0 -NO.J.j -- di -nitro-glycerine 
0!jHr,(O . NO, ),, = tri-nitro-giycei ine. 

For explosive purposes, tri-nitro-glycerine is the 
most important, and care must be talien to manu- 
facture this product only. Tl nitric acid in a con- 
cantrated form is allowed to act on water-free 
glycerine, then at tlie commencement only tri- 
nitro-glycerine is foiMuod, but on continuation of the 
reaction di- and mono-nitro-glycerines are formed 
as the nitric acid is diluted by the water which 
separates. 
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G^H,(OH),j + 3HNOa = 
glycerine nitric acid 
= 0,,H,(ONOo), + 3H,0 
tri-nitro-glycerine water. 

Therefore, in order to prevent as far as possilile 
in the action of nitric acid on glycerine the forma- 
tion of mono- and di-nitro-glycerine, care must bo 
taken to remove the freshly formed water as soon as 
possible, and this can be done by mixing the nitric 
acid with concentrated sulphuric acid. The re.snlting 
water is at once bound by the sulphuric acid, and 
during the whole process the nitric acid keeps tlic 
necessary high concentration. 

Production of NiTKo-CfLYcuRiND AocamniNG to 
SOUREEO. 

The oldest known process for tire production of 
nitro-glycerine os indicated by the inventor ol this 
compound is as follows: 2 parts of sulphuric acid 
of 1'831 specific gravity are mixed with 1 part of 
nitric acid of 1-525 specific gravity, and the mixture 
is left or placed in cold water until it has coohjd I o 
the ordinary temperature. Into the mixture a thin 
stream of half a part of highly concentrated glycer- 
ine is poured, and the liquids are mixonl by stirring. 
Fairly strong heating results, and on treating largo 
quantities of the material it is absolutely necessary 
to cool the vessel, which is most simply accomplished 
by placing in cold water. 

The action of the highly concentrated nitric acid 
on the glycerine takes place in a very short time, and 
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the liquid becomef? turbid on the separation of the 
nitro-glycerine, which lioats about in fine drops. 

As soon as an oily substance begins to detach it- 
self froin the acid mixture, the contents of the vessel 
arc poured into a large amount of water which 
should amount to at least fifteen times that cf the 
l iquid contained iti the nitrating vessels, and then the 
nitro-glycerinc which is specifically heavier than 
water settles at the bottom of the vessel. The acid 
liquid is drawn off, the nitro-glyccrine repeatedly 
washed with water, and finally dried aver sulphuric 
acid under an air-pump. 

According to Hobrero’s process, a very pure pre- 
paration can lie obtained, the explosive action of 
which is all that can be desired ; but the process in 
the form described is tuore suitable for laboratory 
experiment than for the production of nitro-glycerine 
on a large scale. In this case it is far more necessary 
to take certain precautionary measures in order to 
render the production of a substance such as nitro- 
glycerine, which has such terrible effects on explod- 
ing, as little fraught with danger as possible. 

PiiODuoTioN ot'’ Nmio-GuYcanuNn ActoBiUNo to 
NoJiKL. 

Nobel, wlio as already stated may be looked upon 
almost as the so^cond discoverer of nitro-glyccrinc, but 
who, however, was the first to make practical use of 
this substance in connexion with explosives, suc- 
ceeded in inventing a process by means of which 
large quantities of nitro-glycerine can be obtained 
Nobel’s process at first was as follows : — 
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The nitration mixture was composed of dry Siill.- 
petre and sulphuric acid, and in such a measiir(^ tliali 
1 part of finely powdered saltpetre was mixta 1 wiUi 
3'5 parts of sulphuric acid, and the mixture cooled 
to 0° G,, when by far the largest portion of tliti potas- 
sium hydrogen sulphate KITSO., crystallised out, and 
a liquid was obtained which consisted of highly con- 
centrated nitric acid mixed with sul])lmric acid. 
When this acid potassium sulphate liad ci'ystalli/tsd, 
the liquid was run off from the crystallims iua,ss, and 
the glycerine poured into it; the formation of l.lu^ 
nitro-compound quickly took place, and then tiie 
entire liquid was poured into water, when tlui nitro- 
glycerine was washed free from the acids atiaelual to 
it and dried. At the time when the miimifaetuia^ 
of nitro-glycerine was introduced, th.e daily pi'ess 
often reported on explosions which had takcin place 
in the nitro-glycerine works, and tin; unexaggeriiied 
descriptions of havoc wrought by tlmse explosions 
of large quantities of nitro-gdycerine W(u-e gdiastly 
enough to make the production of nitro-gly<sirine 
appear to be one of the most dangiu’oiis operiitions 
known. The reason of the frequent accidents c-aaiHcsl 
by explosions in the nitro-glycerine works a,t lii'sl, is 
not attributable to the easy disintegration of (he 
nitro-glycerine itself, for this is rather a sul>s(,an<H', 
which only explodes by means of the u,ppl ic.ation of 
certain special treatment, and which of itself could 
never explode spontaneously, that is by sudden dis- 
integration without any perceptible (ixhu-nal cause,. 

It was the use of unsuitable nuithods for tfie 



NlTRO-GLYCKBINI<: 



77 



prodviction of nitro-glycerine, and even more the con- 
stitution of the raw glycerine itself, which caused 
tlie many accidents in the nitro-glycerine factories. 
J.^efore glycerine was p];oduced by decomposition with 
steam under high, pressvu-e, and concentrated only by 
moans of steam, glycerine of great purity and con- 
centration was only obtained at high prices. In 
order, therefore, tl)at tlu^ product should not be too 
(expensive'., the inanufacturcrs of tlic nitro-glycerine 
ns(,id imjmrc* glycerine, which in additioir to a largo 
amount of water contained many foreign suh- 
stuinces. Among the combinations which in ad- 
dition to nitro-glye.erine result from tlie treatment of 
such a pr(,)duct with the nitration licjuid are some of 
very low chemical stability andea.sily decomposed by 
sliglrt outside influence's, as, for instance, moderate 
increase of t((mT)erati.ire. As this decomposition takes 
place suddenly e.itlier through, beat or shock it is easily 
com muni Oil, ted to tlu-mitro-glycerine, thereby causing 
an e.xplosion, and in this we liave a very simple sol- 
ution of the many ((xplosions which have freciuently 
tak'on placic! in tlie isolated buildings, wh(\re pre])ared 
n itro-glycei.'iue. lias been stored for a long period. 
Siiuie improvements have lieen nitrodnced in tlie man- 
ufactiii-e of pure glycerine, its }),rice has fallen so much 
that the nitro-glycerine works have at their disposal 
a sulistanee of the greatest purity, and from this 
time repoi’ts as to explosions have liccoino much 
rarer. .By the use of a suitable process and glyecrino 
of adocinate purity, the manufacture of nitro-glycerine 
is no more dangerous than th'it of gunpowder, 
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certainly less dangerous than that of fulminating 
mercury or of gun cotton. From the many works 
written on the manufacture of nitro-products, par- 
ticularly on the subject cf gun cotton, it seems 
pretty prohahle that the spontaneous decomposition 
of the preparations takes place especially where tlic 
nitric acid employed is not pure, but contains de- 
composition products cf the nitric acid, and in par- 
ticular nitrous acid. Therefore in the production of 
nitro-glycerine it is not sufficient to employ a very 
pure glycerine, but great care must be paid to the 
constitution of the nitric acid to be used, and Or this 
reason manufacturers nowadays only use perfectly 
pure nitric acid, which before being employed is 
severely tested as to the absence cf nitrous acid. 
As is well known, nitric acid easily decomposes when 
the temperature increases ; as a result of tlic chemical 
reaction which takes place by bringing together a 
mixture of nitric acid and sulphuric acid with glycerine 
a considerable amount cf lieat is liberated, and there- 
upon it may happen that during the reaction de- 
composition products cf nitric acid may be formed 
which in their turn react on the glycerine, resulting 
in the formation of easily disintegrated compounds. 
Therefore in the practical production cf nitro-glyccrinc 
all the factors above mentioned must bo most care- 
fully taken into consideration, and in addition to the 
exclusive use of pure glycerine, and pure nitric acid, 
the temperature must be prevented from rising above 
a certain limit by means of a well-regulated system 
of cooling. 
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Tee Manui-’actuee oi.-’ Nituo-Glyceeine. 

The nitration acid — a mixture cf about 5 parts 
of concentrated sulphuric acid, and 3 parts of 
nitric acid — is either obtained already mixed from 
the acid maniifacturor, or else it is prepared on the 
spot itsell. In the latter case great care should 
always be exercised, although the mixing of Ihe two 
acids is quite a harmless operation. To this end 
covered pans fitted with an exhaust pipe for tlic 
evolved gases should be used, in which the stirring 
of the acid mixture is accomplished by coinpressed 
air. Splashing of the acids is thus avoided, and the 
mixing itself entails no danger. 

As a rule tlzc now ready nitration acid is lifted 
into a tall vessel, and for this purpose it is best to 
use compressed air. Tlic acid reservoir must stand 
high enough so that in the natural descent of the 
liquid in the course of the manufacture, the acid 
mixture may flow to the nitration apparatus, the 
nitro-glycerine mixture to the separator, and tlic 
separated nitro-glycerino to the washhouse without 
being carried or even lifted. The “ montejus,” which 
are employed for the lilting of the acid mixture, 
consist either of lead lined, or polished wrought-iron, 
or cast-iron pans. Load-lined vessels have not 
proved sttitable, as it is unavoidable that in certain 
parts the lead shoitld detach itself and then the ex- 
poS0d iron is all the more ea.sily attacked by tlic 
acid. Cast-iron pans are very resistant to the action 
of acids, but they must be very strong in order to 
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stand the great pressure which, on iiccovmt of tin; 
high density of the nitration mixture (about 1-7), 
amounts to three atmospheres. 

The nitration takes place in laj'gci leaden vessels 
which have been soldered with the hydrogen llaimn 
with a diameter of about 1 metro, by 1 metro higdi ; 
they are able to contain a woiglit of lOO kg. 
of distilled glycerine at lir Be., ■l.'iO kg. of ,siilpluiri<- 
acid, containing 98 per cent mono-hydra, kg aaid 
250 kg. of nitric acid of specific gravity i'.dOl, wluui 
a yield of about 212-215 kg. of nitro-giycaa'iiu^ will b<‘ 
obtained. In the apparatus there iun about 100 m. 
of cooling coils of H5 mm. diameter, which are usisl 
for cooling during nitration, ibhirtlua.', at tlu^ bottom 
of this vessel there are two pipes funnel-shaped at, 
the end, and provided with, small O'liey 

are employed for the introduction of tlic eompixissed 
air, by means of which, the mixture during nitration 
is vigorously stirred and kept in viokiut mol, ion. 
The apparatus is closed with a cover (itted with a 
glass window, through which, tlie pi'ogrc^ss of tin* 
reaction may be observed. 1'he resulting fumes 
escape into the open by means of a vapour oiilkd,. 
The bottom of the nitration apparatus is eitlicr in- 
clined to one side or else flat and funnel-shainid ; a,t 
the lowest point there is a very widc^ waste tap of 
clay. Underneath this there is a large wat(ir-tiink 
containing water four times the capacity of the ap- 
paratus. If during nitration, in spiki of coiitiiuKul 
stirring and cooling, the temperature in tlu* apparatus 
should rise to 40", then the workman sliould turn on 
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the tap, which must be very wide, so that the ap- 
paratus is emptied in a short time, and the mixture 
may flow into the water-tank. Only in this manner 
can an imminent esplosion be prevented. In order 
that the nitro-glycerine mixture may flow to the 
separator, a funnel is placed under this tap, connect- 
ing it with the pipe leading to the separator. For 
observing the temperature, thermometers are fixed 
inside the apparatus, with a clear scale, the bulbs 
of wliicli dip into the mi.xture. The nitration takes 
place at 28“-30“ ; for cooling the mixture well water 
is generally used, and is allowed to flow through 
the cooling coils. A quantity of about 100 kg. of 
glycerine is nitrated in about 30 minutes. 

Larger quantities of glycerine than 100 kg, are 
seldom nitrated at one time ; on tho other hand, in 
America quantities of 2000 kg. at one time are 
treated in large, oval pans, in which there is an 
axletree with an eight-paddled wheel attached, which 
when rotating forces the glycerine in under the acid 
mixture. More certain and more suitable, however, 
is Che employment of Ihe Ballabene air-stirring pro- 
cess. which also allows tile irse of glycerine heated to 
34 “. At this temperature the liquid is much thinner 
and mixes more easily with the acid. Thereby local 
decomp(Jsition is avoided, which, moreover, is largely 
to be attributed to tlic great purity of the glycerine 
and the acid employed. 

The glycerine flows out of a large number of fine 
holes pierced m a ring-shaped lead pips, placed at a 
suitable height al)Ove die acid mixture, arid in order 
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observed. The tap 11 serves for the purpose of 
emptying olf the finislicd nifcro-glycerine luixturo ; S 
is the safcity tap whicli projects over tlie wator-tank. 
lh)r cooling purposes the cooling coil, whicli is ]>lain]y 
shown in tlu^ drawing, is used. In addition the 
nitration vessel is surrounded witli a second jacket 
inside which cooling water is also circulated. As is 
already seen rrom tlu; foregoing, two or more cooling 
coils arc now use.d, and two or more compressed air- 
stiri'ing devices in case one should suddenly fall. 
Moreovei; the waste-cock Jt can be dispensed with, 
and now only tlu; saiety-eock S is employed in the 
mannoi' indicated. 

A nitration apparatus of newer type, according 
to 0. Gtittmainn, is arranged <a.s follows: the acid 
mixture, generally 4.')0 kg. of sulphuric acid and 
‘2.50 kg. nitric acid [ler .100 kg. glycerine, is prepai'cd 
in a large iron vessel. hVoni here it passes through 
a cooling case into a storage rece|)taclc or “monte- 
jus,” and liy means of eoinpresscd air it is then 
forced into the nitration vessel, ddiese a[)])aratus 
(Ihg. d ), eoiisist of a leaden vessel A, free J'roni zine, 
which stands in a wooden vat B and is fitted with a 
niitnlier of air-sup[)ly pipes (J, cooling coils J), fume 
oi- va|)oui'-diseharge ]>ipes h\ thermometers hi, and 
admission ])ipes for the acid (I, and foi; tlie glycerine 
II. The ('.over ean he. removed, hut during tlui 
o|)('ration is rendered aii'tight, hy mea.ns of cement 
or linseed oil putty. In th.e pipe, h' there is a s]>y- 
glasK inserted. The bottom of the ajipai'atus is 
inclined to one side, and at the lowest extremity 
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there is an outlet with a clay tap. The panes of 
glass L serve for the purpose of enabling the opera- 
tions in the apparatus to be observed. It is placed 
over a pipe through which the whole contents can 
be quickly emptied into a large water-tank in case 
any danger of e.xplosion should occur, or the tem- 
perature of the reacting mi.xtnro should rise con- 
siderably. 

In order to avoid this, cooling should go on con- 
tinually during the (Operation by njcans of watiu; 
which flows through the cooling coils as well as 
through the space between the leaden vessel and 
the wooden vat. I’he glycerine is tlum poured drop 
by drop into the cooled acid mixture, wlion the 
temperature should not exceed 80 ''. hkn; the recep- 
tion of the glycerine the wi’ought-iron cylinder M 
with the gauge N is used, into which compressed 
air is introduced through O. It forces the glycerine 
through the pipe H to the bottom of the nitration 
vessel. The resulting nitrous acid fumes escaiKi 
through F, and tire best plan is for th.em to bo 
absorbed in a Lungc-Kohrmann towcu. 

When the nitration is accomplished, the nitro- 
glycerine mixture flows to the separator, where it is 
allowed to remain for sojuo time foi' the puipuse of 
separating tlie nitro-glycerine from tiro acid. 

These separators are large, s(|na,ro, funnd-sbapcHl, 
leaden vessels, on ono side of whicLi there is a 
glass window, and they are closed witli a ghiss 
cover. From tire lowest side of this separator 
there runs a leaden pipe litted with a clay tap and 
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a small pane of glass. On emx)tying, the waste acid 
first flows out; this passes through a funnel ])ipe 
into a conduit leading into the separating building. 
As soon as the first drops of nitro-glycerino can be 
seen through the observation glass,— the separation 
can be carried out with great speed, — the tap is 
turned otf for a minute, and the funnel jiipe movcal 
to a tank partly filled with water, from which, tluu.’o 
is a pipe leading to the washhouse, and the tap is 
again turned on. In this tank tlie separated hut 
still very acid nitro-glycorine is poured int(j a lot of 
water, when again compressed air is used for stir- 
ring. By this dispersion in watoi-, any likely de- 
composition at this stage of tlic ])roduction, is 
obviated. From here the raw nitro-glycinhu; dis- 
persed in the water flows to the washbouse, wbei'o it 
is submitted to further purifying. This is accom- 
plished by letting it flow into a leaden vat filled 
with cold water, stirred by air; after two or tlii'ee 
changes of water and the use of hot water, it is 
finally thoroughly neutrali:^cd with, soda,, and tlie 
now purified nitro-glycerine filtered. (rrea,t ca,i’(! 
must be taken in regard to the entire! elimination 
of the acid, for glycerine whicli is not c.ompl(!tely 
acid free may, though, perhaps (.)nly afttir a tinu‘, 
decompose and explode. 

For the separation of nitro-glycon'iu! and wasl,e 
acid, the separating apparatus shown in h’ig. -fi, p. ‘2-10, 
is used. It consists of a square, leaden, vesscil, with a 
conically shaped base, supported by a sti'ong woodein 
frame or stand A. B and 0 arc cross bars and 
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sheets of lead which close it from the top. Gases 
can escape through the pipe D, which is fitted with 
an observation glass E. Through the cover a ther- 
uroiueter is fixed which dips into the liquid, and there 
is also a pipe K which admits the mixture coming 
from the nitration apparatus. The pipe at the 
lowest extremity is fitted with a spy-hole E and con- 
timrcs in pipe G and is fitted with two or three 
taps H. 

When the nitration mixture is admitted, it re- 
mains standing for about half an hour, whereupon 
ITu! nitro-glycerine flows through J to L in such a 
manner that only a little nitro-glycerine is floating 
on tlic waste acid. This is separated from the acid 
by means of tlic taps G and H. The nitro-glycerine 
is then washed in L and stirred with compressed 
air, introduced through N, and the washing water 
then flows away tlirough M. 

The waste acids which have been separated from 
the nitro-glycerine are passed into the separator for 
the ])urpose of further extraction, where they are 
allowed to remain undisturbed for a few days, in 
ord(ir that any residue of nitro-glycerine should rise 
to the surface, and he collected. In order to extract 
the nitric acid a denitrificator is employed, a four 
metre liigh cylinder with acid-proof stone lining in 
which the acid flows over pumice stone or coke, 
whilst from underneath air and water vapour are 
introduced. By this means the acid splits up into 
nitric acid of about 36“ Bd., and sulphuric acid of 
50'' Bd. which can be sold as waste products, 
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PEOPERTIKS OF NITIEJ-OLYCJKKIN K. 

The theoretical yield of nitroglycerine woxild amount 
to 246 ■? parts from 100 par’ta of glycciririe ; in 
reality, however, only 210-215 parts arc; obtained 
according to the method of working. It was en- 
deavoured, therefore, to increase this yield, and several 
methods have been resorted to. Thus, according 
to the English patent 2776 of Eebruary 10, 1005, it 
is recommended to use the waste acids instead of the 
freshly prepared nitrating acids, only adding suflicient 
fresh acids to restore tlunn to the original composi- 
tion ; thereby the yield is said to be increased up 
to 228 parts. According to the English ] latent 
1658 of March li), 1006, Nathan and Rintoul, 
on the contrary, recommend as much as possible 
the use of water-free acids. They nitrate with a 
mixture composed of 2-8 parts of nitric acid and 
8-4 parts of fuming sulphuric acid, when a yield of 
230 parts of nitro-glycerine results. According to 
Stiitzer, 100 parts of glycerine nitrated with a 
mixture composed of 2(i7 parts of suijihuric an- 
hydride, and 264 parts <rf nitric acid yield 222 parts 
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of nitro-glycerine, which is decidedly more than is 
obtained with tlzc older inethod. 

The separation of nitro-glycerine from waste acid 
is often delayed by tho separation ol gelatinous sili- 
cates. It has been attempted to prevent the ap- 
pearance of this phenomenon hy addition cf various 
substances, such as paraffin, or fatty acids ol high 
molecular weight (0-5 to 2 parts per 1000 of glycer- 
ine by weight) or by the addition ol 0-002 per cent 
sodium fluoride. Tho sodium fluoride acts in such 
a manner that silicic acid is converted into silico- 
fluoridc. 

Glycerine has three hydroxyl groups, so that it 
can form three nitrates, that is three nitric acid 
esters, according as all three or only two, or only 
one hydrogen atom is re])lacod by the NO^ group. 
As ordinary nitro-glyceimie, that is tri-nitro-glycer- 
ine, freezes easily and in its frozen condition is fairly 
susceptible to a blow, while on the other hand, 
other glycerine nitrates do not possess this character- 
istic, and also in a liquid condition are less sensitive, 
they have been more in favour lately. Di-nitrate, lor 
instance, as long as it is free from wa.ter, does not 
become solid, even at the lowest winter temperatures, 
but it absorbs water from the air, and then also 



freezes fairly easily. 

Less sensitive and easier io produce is tetra-nitro- 
glyccrinc 



which is 



produced by nitration 



of di-glycerine. 
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Di-glycerine is produced by polymerization of two 
rnolecnles of glycerine and the splitting off of one 
molecule of water. It is suflicient that to the glycer- 
ine to be nitrated 20-25 per cent di-glyacrine be 
added, in order to obtain nitro-glycerinc which will 
he sufficiently resistant to cold. 

By the nitration of chlorhydrin CRCcp. 14), di-nitro- 
mono-clilorhydrin, G.jH.Cl(0 . which is not 

hygroscopic, can be obtained, and even at tempera- 
tures cf - bO’ it will not freeze. C is easily dis- 
solved in tri-nitro-glycerine, and an addition of 20 
per cent is sufficient to render the nitro-glycerine 
non-freezing under not too extreme circumstances 
(D.E.P. 183, 400). As di-nitro-mono-chlorliydrin 
is, moreover, much less sensitive than nitro-glycer- 
ine its use is more practical. Nitrated chlor- 
hydrin can be dispatched in quantities up to 200 
kg. by the German railways, whereas thcl trans- 
port of nitro-glycerine is altogether prohibited. 

Pure nitro-glycerine that is entirely Ircc from 
acid and water, is a colourless, or ml least a very 
faint yellow liquid, with a sweetish burning taste, 
and odourless, Tho specific gravity of pure nitro- 
glycerine is l-(). 

Nitro-glycerine is practically insoluhk; in water. 
With ether and methyl alcohol it is miscible in all 
proportions. Before tire use of nitro-glycerine for 
dynamite m its lion-dangerous state Irad been dis- 
covered the explosive oil was dissolved m methyl 
alcohol. In this solution the substaueo was deprived 
of its esplosive (jualities. By adding water it was 
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separated again from the methyl alcohol solution, 
with its usual exirlosive qualities. 

In cold alcohol nitro-glycerine dissolves hut little ; 
on the other hand it dissolves well in this solvent at 
■50’’ C. It easily volatilizes above 100° without de- 
composition. In a pure state it does not easily do- 
composc. 

At - 15" it thickens without congcialing. Sub- 
]cct(!(l for a time to a tom[)craturci of - 2" it 
crystallizes. Ev(;n a temperature of H" C., if it 
acts long enough on the nitro-glycerine, can convert it 
into the crystalline state. It may be said that nitro- 
glycerine at temperatures of S" to - 11“ C. passes 
from the liquid to the solid state, but in tliis respect 
various nitro-glycerinos difter. Some nitro-glycorines 
at a temperature of - 12" C. recjuire ton to fourtetm 
clays before congealing, whereas others require more 
or less time. 

If nitro-glycoriuo is suhmittod for some time to a 
temperature of ])i'actically lOO" G., it shows groat 
resistance to congealing. Very nunute particles or 
(juantities of impurities suffice to delay nr Irinder 
crystallization. If nitro-glycerine is quiidcly con- 
givak'.d it crystallizes to a whitish-yellow opaque 
mass. 

The frozen explosive oil thaws again at about U,'’. 
Ifor a long time it was presumed that on freezing, 
explosive oil expanded about H)th, whereas Mowbray, 
in the case of the nitro-glyccrinc produced according 
to Ills method, ascertained a contraction of ,ht]i of 
the original v(jlume. Eecently, however, the density 
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of the Nobel liquid and solid nitro-glycerine has been, 
found to be 1-599 and 1-735 respectively, which 
shows a contraction of i-b-’i. This last fraction 
corresponds entirely with that obtained by Mowbray, 
and therefore the physical constitution of the Nobel 
esplosive oil is identical with that of Mowbray. 

Explosive oil even in small quantities is poisonous. 
In this connexion Schuchardt has exporimentod on 
himself, and reports as follows : He swallowcul a 
drop ol nitro-glycerine and soon exporioncod giddi- 
ness and weakening of the sight, headache, lassitude, 
sleepiness arid a strong, spicy taste and burning in 
his throat. An hour later, when by inad vortenco lie 
swallowed more nitro-glycerinc, he soon noticed an 
increase in the symptoms. Then followed uncon- 
sciousness, giddiness, trembling, violent throbbing, 
headache, and aversion to light ; a fooling ol cold 
was followed by a feeling of heat, nausea without 
vomiting ensued, but there were no cramps, and tlu'- 
following day no further effects of the', nitro-glycerine 
were noticeable. 

Workmen who use nitro-glycerine for blasting 
purposes easily got Imadaches. This lias Ixicn ex- 
plained by the lact that nitro-glycoi'ino (iasily pene- 
trates the skin, and so passes into the blood. In 
order to avoid direct contact of tlic skin with nitro- 
glycerine tltc workmen are allowed to wear rul)ber 
gloves, particularly in the preparation of dynamite, 
but most of them find that tliose gloves hinder 
them in their work, and do not use them. 

As antidote to such nitro-glycerine poisoning. 
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liiack cofiee has been recommended, rubbing in of 
washing soda lye, and aqueous solution of hydriodic 
acid, which is said to decompose nitro-glycerine and 
refoi-ms the glycerine. 

Tn order to detect the presence of the minutest 
particles of nitro-glycerine, it should be mixed with 
aniline arid concentrated sulphuric acid, when if 
traces of nitro-glycerine are present a purple colour 
ensues which turns green on diluting with water. 

b’jXi'nosioN OF Nitro-Glycebine and the 
Eesulting Gases. 

Nitro-glycerine explodes when heated to 280° or by 
some violent shock, or, finally, by violent apd sudden 
pi’cssure brought about by the explosion of the 
strong fulminating preparations (fulminate of 
mercury) with which it finds itself in contact 
(Nobel’s fuse cartridges). In each of the three cases 
it is heat alone, or work converted into lieat, which 
brings about the csplosion. If nitro-glycerine is 
cartifully warmed, then at about 100° decomposition 
sets in with liberation of hyponitrous acid. It is 
stated that nitro-glycerine can be volatilized entirely, 
when gradmilly heated, without any explosion taking 
pliiccu 

On heating, nitro-glycerine behaves as follows : 
at IHd" it boils with evolution of yellow fumes, at 
I9'l' slow volatilization takes place, at 200" rapid 
volatilization, at 218 strong combustion, at 241° 
(slight) detonation, at 257“ strong detonation, at 287° 
weak (le.tonation, with flame. At red heat the nitro- 
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glycerine volatilizes without detonation, because it 
passes into the so-called spheroid condition. 

A very important characteristic of nitro-gI,\ceriue 
is that the temperature at which it explodes does not 
coincide with its ignition temperature, but is mucli 
higher. Therefore nitro-glycerine (in contrast to 
gunpowder and flocculent gun cotton) belongs to tlio 
indirect explosive substances. Tliis quality is of 
the highest practical importance ; and it is thanks 
to this quality that explosive oil at ordinary tempera- 
tures when ignited burns with difficulty but never ex- 
plodes. It has burnt out before it luis reached 
explosion point. Therefore there is scarcely any 
danger when nitro-glycerine ignites, provided tliat 
not too great quantities of explosive oil are attacked 
by fire. 

In the case of direct ignition nitro-glycerine as 
already stated does not explode. During some ex- 
periments which Nobel conducted in tlie presence of 
several scientists at Stora Ahlhy in Sweden in Ih(jr) 
nitro-glycerine could not be ignited by touching tlio 
surface with a red-hot iron bar; ignited with a chip 
of burning wood it burned with Hume but without ex- 
plosion, and the flame died out immediately the wood 
was removed. F csplosivc oil is suhmitted to gradu- 
ally increased, and finally very strong pi’essurc, appar- 
entlg it docs not explode. On tlie other liand it 
explodes each time in the case of sudden strong 
pressure, lor instance a heavy blow. Hut tlic ex- 
plosion of the portion subjected to tlic preasuro doi^s 
not communicate itsell to theremaindur of tlin mass. 
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When atRennlioppel near. Hamburg in March, 186(h 
Nobel shook some drops of nitro-glycerine on air 
anvil and had it violently hammered, ohly the nitro- 
glycerine that came in direct contact exploded with 
a loud report, but the explosi(jn did. not e^Xtend-. A 
small bottle containing nitro-glycerine can be thiowh 
against a stone in such a manner as to break, but the 
preparation will not explode. 

Formerly there existed the erroneous opinion that 
frozen nitro-glycerine was more susceptible to blow 
or shock than the liquid nitro-glycen]ie. Tlie fact 
is, however, as exhaustive experiments have proved, 
quite the contrary. Simple reflection proves that 
according to physical laws this must be so. 

The blow or pressure to which nitro-glycerine lias 
been submitted is converted into heat, just as any 
checked motion or movement is converted into lieat 
(compare, for instance, the heating of a wheel, when 
the brake is applied to a train). The blow or 
pressure administered to tlie nitro-glycerine must 
therefore be sufficiently powerful to raise the heat 
of the nitro-glycerine up to 3.8(F (its explosion 
temperature). In order, liowever, to heat frozen ex- 
plosive oil to 180 it is evident that more heat is 
necessiiry than would be required in the case of a 
similar weight of liquid nitro-glycerine to bring it to 
the same temperature. For as regards frozen nitro- 
glycerine heating for melting purposes niust be ap- 
plied, in a word tho I'rozcm nitro-glycerine must first 
of all be supplied with its latent h,eat of fusion. In 
this connection all practical experiments tally. 
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Quantities of fulminating mercury, whicli certainly 
cause explosion of liquid nitro-glycerine, leave 
crystallized nitro-glycerine unaltered. Moreover, 
solid and liquid nitro-glycerinc were placed in a thin 
layer on a flat anvil of Bessemer steel and a wrought- 
iron hammer was allowed to fall on the anvil. In 
this instance the average drop lor detonation of the 
liquid nitro-glycerine was 0-78 in., whereas frozen 
nitro-glycerine only exploded at a drop of 2' 18 m. 

In any case frozen explosive oil should never l)e 
touched with sharp and pointed instruments, and 
should always he thawed in dynamite-heating or 
similar apparatus hy the use of hot, not boiling water, 
ff nitro-glycerine is not absolutely pure, very often, 
as in the case rf impure gun cotton, spontaneous 
decomposition takes place, which may easily cause 
explosion. Then glyceric acid and oxalic acid are 
formed (hy oxidation") . At the same time tlic nitro- 
glycerine in process of decomposition turns green, 
and forms nitrous acid, nitric oxide, and carbonic 
acid. As nitro-glycorinc is generally kept in well- 
closed bottles, the gases resulting from this spon- 
taneous deconiposition cannot escape, and therefore 
exercise great pressure on the nitro-glycerine. Under 
these circumstances the slightest blow or shock is 
sufficient to cause explosion. 

As to whether such a decomposition is in progress 
may be known by tlic reddening of blue litmus paper 
dipped into the nitro-glycerine. 

ff explosive oil should exjdode in a closed room, it 
exercises very violent pressure. This is to be at- 
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tributecl to the considerable quantity of explosion 
gases which develop, as well as to the high combus- 
tion temperature caused by the explosion, when the 
gases expand to about eight times their original 
volume. 

According to the experiments of Sarrau and Vieille, 
nitro-glyccrine during explosion decomposes in the 
following manner : — 

20^-1, (0 . NO.,);, = 600;, -I- 6N -i- 51-1,0 -h 0 
1 grm. nitro-glycerinc liberates therefore : — 

295 c.c. carbon dioxide 
14:7 c.c. nitrogen 
25 c.c. oxygen 

at 0° and 7(i0 mm. barometric pressure; conse- 
quently there results 467 c.c. permanent gases. 
Tire gas pressure amounts to 10,000 atmospheres. 

In order to lower the sensibility, and at the sazne 
time to avoid the disadvantages connected with the 
use of liquid explosive substances, it is generally 
used in the form of Guhr dynamite or explosive gela- 
tine. 

In tire fonner case tlie actioir is less than that of 
the corresponding weight of pure nitro-glycerine, in so 
far as the non-gaseous mineral substance absorbs a part 
of the liberated heat given off during the explosion. 
A further lowering of the explosion temperature is 
obtained by mixing with the dynamite salts con- 
taining water of crystallisation, such as soda cry.stals 
or Glauber’s salts. Such preparations offer relative 
security against the couununication of lire to fire- 
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damp or coal dust, and are used in mines under tho 
name of Wetter dynamite. 

In the second case by the production of explosive 
gelatines, the duration of the time of gasification is 
extended, which at the same time results in licat 
losses ; whether this loss is counterbalanced by tlio 
fact that the nitro-cellulose completely burns the 
nitro-glycerine at the expense of the surplus oxygen 
must for the time being remain in abeyance. 

In the technics cf explosives nitro-glycorine has 
been applied in several ways; the first esplosivc 
preparation used by Nobel was constructed in such a 
manner that cartridge cases of sheet zinc, the dia- 
meter of which was somewhat smaller then that of 
the bore hole, were filled with gunpowder and so 
much nitro-glycerine was poured on it as would 
find room between the grains of powder. When 
the cartridges had been sunk into the bore hole they 
were covered with a layer of powder 22 mm. high. 
The charge was ignited by means of a quick match 
or percussion cap. 




CHA.PTEE Viri. 



i>yNAMr,Ti<;. 

The manifold drawbacks connected with the use 
rf nitro-glycerine in tlie liquid state, and, particularly 
also the endeavour to render the manipulation cf the 
explosive oil less fraught with danger by mixing it 
with a non-active solid component, have resulted in 
tlic explosive oil being absorbed by porous, solid sub- 
stances, and being employed in this new form under 
the name of dynamite. 

Formerly under the designation dynamite only 
that preparation was understood that was obtained 
by tlie absorption rf explosive oil by kieselguhr 
(kieselguhr dynamite No. 1). 

At present dynamite applies to any explosive sub- 
stance impregnated with nitro-glyccrinc, the nature 
of the absorption substance being immaterial. 

Kieselguhr is erroneously designated infusorial 
earth, as formerly the diatoms of which it consists 
were considered to be infusorial plates, whereas they 
s))ring from a genus of plant to wliicli algae belong. 
They are surrounded with a very strong silicic acid 
coating, end under the microscope tlic form is that 
of a, dish, a boat, or a pipe. The appearance of 




co-operation aitors tlu‘, com])()Hition and aoiivt^ powor 
of the explosive "iisos oC the nitro-f^lyeiM'ini!, 

Dynamite with eluimieally ac.tive ahsorhent often 
has the etiect of vetardin^ tin; too rapid e.xplosion of 
explosive oil, or dynamite No. I, and of ('onverliiiiL' 
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(lyniimito are lesf? dangerous to handle than dyna- 
mite No. 1, because they contain far less explosive 
nil than the latter. But owing to the fact, however, 
that the chemically active absorbent causes complete 
combustion of the dynamite, it results that many of 
tllcs(^ dynamites with a similar amount of nitro- 
glycau.'ine in tin; cartridge are more efficient than 
dynamite No. 1. 

Dyna, mites with, chemically active absorbent can 
again be divided into three classes, and can be de- 
signated as follows ; — 

J,. Dynamite, containing as ingredients kiesel- 
guhi' dynamite (containing nitro-glycerine) and a 
kind ol gunpowder mixture. To this class belong 
[ji ! lioj'raktc'ur which may be conveniently said to 
l)(i (u)m])osod of dynamite and barium nitrate-gun- 
powdtir, farther If tifo/waZ powder, a dynamite which 
is now no longer in use, which consisted of nitro- 
g!yc,(ii.-iiui absorbed by a kind of explosive powder 
mixture, and finally Brain’s explosive powder — a 
sulphur free powder-like mixture containing absorbed 
uitm-g'lycivi'ine. 

11. Dymuuite, the absorbent of which is wood sub- 
stance, or nitrated wood substance. To this class 
belong lA(jnose (wood fibre impregnated with nitro- 
glyc.eihup, lAiudin (nitrated saw-dust impregnated 
with uitro-glycerine), cellulose dynamite (a specially 
preparcul wood material steeped in nitro-glycerine), 
as also dyna.ndtes 2, 8, and 4 (a mixture of boring 
mist and saltpetre or similar substances, impregnated 
with nitro-glycerine). 
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3. Dynamite, containing gun-cotton, collodion 
cotton, and nitro-glycerine. Hero wo have gun- 
cotton dynamite and exploHive (/elatine (gohitiiui 
dynamite) . 

Of all these different dynaniitoH tlu^ most import- 
ant are only; Kieselgiilir dynamite 1 , dynamites 2!, 
3 and 4, cellulose dynamite, explosive gelatine, 
and lithofrakteur. 

(a) Dynamite with CHHMioAmvv NoN-A(i'nv:n 
Ahsouuhnt. 

Kieselgiilir Dynamite . — It is said tliat c]i.anc;e l(ul 
Nobel to the very important discoviu-y of this dyna- 
mite. For some time infusorial earth, liad Ixsen 
used for packing the tin cans containing tiu; ex- 
plosive oil; one of these ran over, and thO pro))e,rties 
of the infusorial eartli were ohservcid , and e.xperi- 
ments confirmed that the explosive! action of tlu! 
nitro-glycerine was entirely prcisiirved, hut on the 
other hand the explosive properticis considerahly 
diminished. 

According to other statmnents, however, the dis- 
covery of dynamite is to he attidhnted to the mine 
inspector Schell at (Tnmd near h'lanstal, in the 
Hartz, who first used nitro-glyeiiriiui inixcid with a 
light porous earth, whicli ahsorhed it. Ifoweve.i- 
this may be, Nobel in any east; (ii.'st introduced it 
into technical blasting. 
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T1.K! inf iiRorial earth' used as absorbent for nitro- 
glyeerinc is found in iuany places, but that occur- 
ring' in an extensive layer near Oberohe (province of 
blauover) is particularly fine and suitable for the 
niiimil'acture of dynamite. 

d'lui drawbacks of infusorial earth for the manufac- 
ture of dynamite are the moisture contained, organic 
inattor, and coarse grains. In order to remove the 
two (irst the infusorial earth is heated’ to redness. 
It is placed in a furnace or stove containing four 
super-imposed trays, in which the infusorial earth is 
gradually shifted from the upper to the lower. In 
order to remove the coarse grains the heated in- 
fusorial earth is crushed by hand rollers, and shaken 
through a sieve which retains any remaining coarse 
grains. 

The mi.xing of tho nitro-glycerine usually takes 
place in the same shed in which the plant employed 
for the, linal deacidifying of the nitro-glycerine is 
liouHC'd. One hundred and fifty kg. of explosive 
oil is poured over /lO kg. of infusorial earth con- 
laiited in Hat wooden cases, and the workmen 
knead this mass with their naked hands. As nitro- 
glycovimi easily penetrates into the skin, the work- 
men wore given rubber gloves to protect them 
against the pioisonous effects of the nitro-glycerine. 
Tliey, however, soon dispensed with the gloves, find- 
ing it easier to work with their bare hands. In half 
an hour’s time tlic mixture is ready. The mass is 
then placed oi tan iron wire sieve, the meshes of which 
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are about 1 mm., and pressed through the holes of 
the sieve by hand. This is now kieselgulir dyua- 
inite which only needs to he placed in cartridges. 

The dynamite cartridges are small cylinders con- 
taining pressed dynamite enclosed in strong parch- 
ment paper. Three kinds of dynamite cartridges 
exist, (1) ordinary dynamite cartridges of 3-10 cm,, 
long and 3 cm. diameter ; (2) fuse cartridges, 3 cm. 
long and 3 cm. diameter; (3) fuse cartridges for 
frozen dynamite. 

The first-named cartridges generally have th.eir 
paper covering removed and are forced intc.) the bore- 
hole. The fuse cartridges serve for tlie reception 
of the percussion cap, that is the qnick .matcli which 
is contained in the percussion cap. The cartridges 
of frozen dynamite, in addition tO'Oi.'dinary dynamite, 
contain a mixture of saltpetre and ro.sin or of potas- 
sium chlorate and antimony sulphide or similar in- 
gredients, which are first ignited hy the percussion 
cap, and these cause the frozen dynamite to explode. 

The moulding of the cartridges is aocnmjilished 
as follows ; about 5 kg. of dynamite are placed iir a 
linen receptacle open at the bottom and tliere con- 
nected with a funnel-shaped brass device. A piston 
reaches into this, the upper part of wliich jienetrates 
the linen sack and can be moved up and down by 
means of a lever. At the highest position of the 
piston the orifice of the funnel remains open, so 
that the dynamite can enter, and tlren wlien the 
piston is lowered into the funnel, and the pipe steel 
piece connected therewith is pressed down, it comes 
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otat underneath in the form of a solid cylinder. The 
upper edge or border of the linen sack is connected 
with the lever of the piston, which therefore shakes 
it up and down. Moreover, wooden valves are fixed 
to the sides of the linen sack whiclr are also connected 
with tlie lever, and shake the hag to and fro. Ho the 
dynamite is moved along continuously as the piston 
is worked up and down. 

The pipe screwed to the bottom of the funnel is 
of the same diameter as the dynamite cartridges. 
When by the movement of the piston lever this pipe 
is quite filled, the corresponding sheet of parchment 
is rolled round and the parchment cylinder placed 
under the mouth of tiie pifie. A. further movement 
of the piston lever brings along the dynamite cylinder 
which takes the ])archment case. 

As a rule a dynamite factory has ten smaller 
cartridge sheds in each of which two macliines and 
two men are working. Each cartridge shed is sepa- 
rated from tire other l>y a wall of eartli, of 4 metres. 
Often there is a cornjdete reserve factory built, in 
case tliose working arc partly or entirely blowm up. 
The sheds are lightly built of wood and tlie roof and 
side walls lined with, straw, so that in winter the 
temperature cam easily bo maintained at 15", The 
light comes in from outside, and tlio floor is of loose 
fine saud. 

The danger connected with the manufacture of 
dynamite is the mixing of the infusorial earth with 
the explosive oil, as well as the forcing of the pre- 
pared dynamite into the cartridge moulds. Unfor- 
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tunately accidents are not sn exception in connection 
with this operation. It may, however, confidently 
be said that the greater number of the explosions 
would not have occurred had the necessary care been 
exercised. It is just the relatively great lack of 
danger with which dynaiiiite may be handled that 
only too easily inspires tlie ignorant workmen witli 
a feeling of security. Only too frequently dynamite 
is handled witli the utmost carelessness, or rather mis- 
handled, and it is really wonderful that explosions are 
not more numerous. Only the most careful enlight- 
enment as to the explosive characteristics of dyna- 
mite, the niost accurate instructions as to its 
manipulation, and absolute severity in case of any 
infringement will in future help to prevent these 
explosions. 

Tee Pboperties of Dynamite. 

Dynamite is a dough-like, plastic mass of 1-4 
specific gravity of a yellow reddish colour, and greasy 
to the feel, and odourless. It consists of about 75 
parts cf nitro-glycerine and 25 parts liiesclguhr. 

Dynamite can only be made to explode by nieans 
of explosive substances, percussion caps, red-hot 
metals, sudden heating to a high degree, or by a 
violent blow or shock. Coming into contact with 
light, a match or burning fuse, it burns without ex- 
ploding just like damp paper. The reason lor this 
is that dynamite in common with all nitro-glycerine 
preparations belongs to the indirect explosive sub- 
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stances, because its explosion temperature is con- 
siderably higher than its ignition temperature. 

The kieselguhr of Hie dynamite retains the ab- 
sorbed nitro-glycerine so tenaciously that even strong 
pressure will not force it out. The reason why 
such a considerable addition of kieselgulrr to the 
nitro-glycerine should diminish the explosive action 
to such a slight degree is that this admixture does 
not disturb the uninterrupted cohesion of the explo- 
sive substance. The detonating fulminating mercury 
in the percussion caps, surrounded by such a mixture, 
is at all points in contact with a portion of the 
nitro-glyccrine without the cohesion of this latter 
substance being disturbed. Therefore, the detona- 
tion spreads througlr the mixture with asixmch case as 
if. tire liquid were not mixed with such a substance. 
If, however, a solid, inert body is mixed with a 
similar solid, finely distributed, explosive! substance, 
then the development of the explosion, or its rapid 
transmission is checked, owing either to reduction in 
tlic contact between the detonator and the substance, 
the explosion of which should be effected by the 
former, or to the resistance offered by the interven- 
ing non-explosive particles to the rapid spreading of 
the explosion, or to both causes. Thus, for example, 
tire easy explosion of fulminating mercury is con- 
siderably weakened if mixed with a non-active, fine 
powder such as Spanisli whiter 

Brought in contact with fire or glowing bodies, 
dynamite even in quantities of several kilograms burns 
without exploding if it is not packed into too tight 
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casings. Temperatures under 00° C. even ol: pro- 
longed duration have no detrimental etteet on. dyna- 
mite. It can, therefore, be e.xposed to tlie heat ol 
the sun without risk of injury. 

On coming into contact with tire nnicous nuun- 
brane of the nose or the mouth dynauiitc c‘.a,n eaiise 
very violent headache ; precautions sJioiild tluiroroi’e 
be taken against such direct contact which is all tlui 
more easy as the dynamite is supplied putdced up iu 
cartridges. 

Through violent concussion between liard bodi('..s, 
dynamite will explode ; on the other hand eve.n vioiont 
blows of wood against any substratum will not ciius(\ 
it to explode. If dynamite is placed (,m an anvil only 
the most powerful hammer blows will c.ausc', the ex- 
plosion of the parts directly in contact witli it. In 
general, therefore, dynamite is a harmles.s .siibstaiua! 
to manipulate. However, its sHglitly dorniani, 
highly explosive power should constantly be boi-ne in 
mind, and the greatest care slrould always l)e cox- 
ercised when handling it. 

A well-known peculiarity of dynamite is that 
preferably it only exercises its tremendous power- on 
the neare.st surroundings, namely, a solid substi-afaiiu. 
An e.xample of this is given at the Itamnudsboi-ger 
Mining Works in connection with the advaJitagcxHis 
breaking up of the blocks of iron pyrites resulting 
from the blasting operations. A dynan,iite cartr-idgu 
is placed upon the upper surface of such a Irlock oC 
ore, thickly covered with damp clay, and tluui ignited. 
The downward pressing force of the exploding dyna- 
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mite shatters the mass, or loosens its cohesion in 
such a manner that it is easily broken, or completely 
blasted by a second charge of dynamite. 

At temperatures under 8“ the nitro-glycerine in the 
dynamite freezes, and the latter congeals or hardens. 
Frozen dynamite is thawed in the same way as 
frozen, niti'o-glycerine and the same precautionary 
measure.s must ho taken. 

Frozen (that is entirely, not partly, frozen) dyna- 
mite is less sensitive to blow, shock, shot, and heat 
than non-frozen dynamite. The reasons for this a.re 
of course the same as in the case of frozen nitro- 
glycerine. 

The relative lack of danger connected with the 
manipulation and transport of dynamite Iras been 
proved by several experiments. Of these we only 
mention the loettcr known Swiss experiments of 
Bolley, Pestalozzi and Ivundt. These experiments 
were also undertaken with a view to determining 
the force of the shock necessary to cause ignition. To 
this end metal cartridges in which the ex])losive 
substance was closely packed wore shot out of an 
air - gun against a horizontal wall 1T.J m. distant. 
The thinly incased cartridgc!.s exploded, those with 
thick cases did not, very likely owing to th.eir . lesser 
initial velocity, dhiis was ascertained at 40 m. per 
second. With a Bickford fnse not even ignition was 
obtained. 
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Applications of kieselgvhr DyNAMi'PR. 

The advantages of dynamite as an explosive over 
black powder consist in the far simpler and more 
rapid manufacture of dynamite, in the economy 
effected in time, money, and labour, and in the 
greater availability of dynamite, for example in hlast- 
ingdamp rock or without the necessity Tor tamping. 

For blasting operations under wat(U', waterprooi 
casings for the dynamite cartridges are necessary. 

No other explosive has attained anytliing like 
such a wide application as dynamite in its different 
grades (dynamite 1,2, 3, and 4 ). In civil priictico 
it is used for the blasting of stone, wood, ice, iron, 
masonry, for loosening the soil in agriculture and 
horticulture, as well as for the removal of stumps of 
trees in forestry. 

In warfare it is employed lor the destriicti(m of 
cannon, masonry, palisades, as well as for submarine 
blasting, as filling for sea mines and torpedoes, in so 
far, in the latter case, as compressed gun cotton is 
not used. 

The violent shock produced by the (explosion 
under water stuns the fish for some distance round, 
and they collect on the surface of the water. 

This was taken advantage of during tlie siege of 

Paris to carry out fishing on a large scale. Also 
poachers more often than not make use of this very 
convenient method of illegal fishing. 

Kieselguhr dynamite No. 1 is up to tire present 
about the only representative of dynamite with 
chemically non-active absorbent. 
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Prepared calcined clay has also been recommended 
as a substitute for infusorial earth. English china 
clay, at present being csported in large quantities to 
the Continent (to paper and stoneware factories), is 
particularly suitable lor this purpose. If this clay, 
similar to kaolin, is gently heated and then finely 
ground, it is by no means inferior to infusorial earth 
as an absorbent, in fact it is even superior on account 
of its alkaline properties. This small amount of 
alkali would at once bind the acid resulting from the 
decomposition of the nitro-glyccrinc, that is it would 
render the decomposition harmless. Moreover, by 
the application of heated clay in many cases the 
often very distant transport of infusorial earth would 
be avoided. In order, however, to distinguish this 
kind of dynamite from the ordinary kieselguhr dyna- 
mite it should be called “ clay dynamite Boghead 
coal ash has also been recommended as an absorbent. 



ih) DyNAMITH Wn.’H CHUMICALr.Y AcTINCr ABSOB.BKNT. 

Here we have, as has already been mentioned, 
lithofrakteur (Kolonial powder), Brain’s csplosivc 
powder, lignose, dualin, cellulose dynamite, dyna- 
mites Nos. 2, B and 4, gun-cotton dynamite and 
gelatine dynamite (explosive gelatine). Wc will dis- 
cuss these explosives in their order : — 

1. Lithofrakteur . — Very incomplete mid often 
erroneous statements have been made with regard 
to this explosive substance discovered by Krebs 
Bros. & Co. and manufactured in Cologne, and which 
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in its action is practically similar to kieselguhr 
dynamite. 

Krebs' lithofrakteur contains in 100 parts 55 
parts of nitro-glycerine, and although this is 20 
parts less than in kieselguhr dynamite, yet;, in 
spite of this, the explosive power of lithofrakteur is 
greater than of dynamite No. I on account of tin' 
entire burning of the nitro-glycerine and tire presence 
of other mutually reacting chemical substances, which 
in an explosion develop a very high temperature and 
a large quantity of highly expanding gases. Owing 
to the nature of these substances and the coinplodo 
burning of the nitro-glycerine in the lithofrakteur, 
these gases consist only of carbonic acid, hydrogen, 
water gas, and a trace of sulphurous acid; they are 
free froni steam -vapour and in no way injurious to 
health, neither do they dim the light of the lamps 
in the mines. 

The 45 parts other than nitro-glycerinO wliicli 
coiiipose lithofrakteur contain only 21 parts of 
infusorial earth and 24 parts of other absorbing 
substances which not only keep tlic nitro-glycerine 
in suspension, but in the case of an explosion are 
almost entirely converted into gases of high temper- 
ature and dilation. 

These substances are carbon, prepared bran, pre- 
pared sawdust, barium nitrate, sodium sesqui-carbon- 
ate, manganese, and sulphur. They are chosen in such 
proportion that in an explosion they develop tlic 
highest temperature and largest quantity of gas, and 
the following points of view are considered ; Char- 
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coal, prepared bran and prepared sawdust, Free from 
resin and mixed with saltpetre, are not only good 
absorbents for nitro-glyccrinc, but in an explosion 
they are completely transformed into carbonic acid 
and water vapour owing to the surplus oxygen. 

The small addition of sulphur is also converted 
into gas, sulphurous acid, whereas the barium nitrate 
and manganese at a high temperature give off a large 
quantity of free osygen which effects the entire 
combustion of nitro-glycerine, carbon, bran, sawdust 
and sulphur, and causes the highest possible temper- 
ature. 

Finally, the addition of <a small quantity of sodium 
sesqui-carbonate has a twofold object. In the stor- 
ing and manufacture of lithofrakteur this acts as a 
protection against spontimeous combustion, which 
would be possible in the case of nitro-glyccrinc, 
which tlirough carelessness might not be quite Iree 
from acid, because such traces of acid would be 
neutralized by the presence of tlic sodium sesqui- 
carbonate. Further, if lithofrakteur is ignited, the 
sodium sesqui-carbonate is decomposed into Iree car- 
bonic acid aiid caustic soda, owing to tho great heat 
resulting from tlic explosion, wliereby tho quantity of 
dilating gases and power of tho explosive substance 
are considerably increased. 

Oil setting fire to a litliofrakteur cartridge in the 
open air, not tlic slightest tracci of smoke is to be ob- 
served, neither is any odour perceptible. Litho- 
frakteur burns evenly with an orange-yellow flame 
and leaves a gritty, grey ash. 
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This ash treated with water and filtered shod.. 
only a weak barium reaction, a proof that the barirnn 
nitrate (soluble in water) contained in the litho- 
frakteur has been completely decomposed on buminfi', 
barium silicate being formed, and the nitrogen of 
the nitric acid in the original barium nitrate huH 
been liberated and has exorcised its expansive poWcer. 

Moreover, there is no sulphur compound to ho 
found in the filtrate. On treating the residue witli 
hydrochloric acid there is no development of car- 
bonic acid ; a very faint reaction for sulphuretted 
hydrogen is perceptible. The small amount of 
sulphur has also been dissipated. 

The remaining organic substances have, on burn- 
ing, partly hastened this decomposition, and owing 
to the formation of their own gases have adviin- 
tageously increased the explosive power of the ex- 
plosive substance. 

ff the composition of lithofrakteur i s more care- 
fully examined, it will be found to contain practi- 
cally the same substnnees as in black powder, mixed 
with dynamite. Instead of tlic potassium nitrate iti 
the powder, barium nitrate is in this case substituted. 
The remaining substances supply tire carbon, yvhilc 

nitro-glycerine and infusorial earth (inmedieut.s of 
kieselguhr dynamite) make xrp the other part of 
the explosive. 

Lithofrakteur can, therefore, be considered as a, 
connecting link between powder and dynamite, and i t 
is so indeed. On the one hand it possesses in an ex- 
plosion the driving force of gunpowder, and on tlio 
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other hand the shattering;; force of dynamite, and for 
these reasons it is in all cases preferable to the other 
two when a more heaving and shattering than crush- 
ing action is desired in rock blasting. The develop- 
ment of gases during the burning of lithofrakteur 
is slow, and acts without any loss of power through 
some distance on the resistance offered it. 

Lithofrakteur is highly insensitive to strong 
pressure and sliock. A bullet shot through a 
lithofrakteur cartridge does not cause igirition. A 
bombshell charged with 330 g. was fired off and on 
striking did not burst. A tin containing 2'5 kg. of 
lithofrakteur was shattered on falling from a height 
of bO m., hut did not explode howevtir. On the 
otlrer liand lithofrakteur exploded by a heavy blow 
of iron fin ii'on. 

According to Luckow, the best quality of litho- 
fraktour should liave a capacity of six or seven times 
the amount of gunpowder. Experiiuents which 
were carried out with dynamite and lithofrakteur 
showed the following results ; — 

A cartiidgo charged with 20 g. of lithofrakteur and 
ignited indicated on the Brisanz meter r2-2A', and 
a cartridge charged with ‘20 g. dynamite 14 -bO". 
Another cai'tridge with 20 g. dynainitfi (witli 7b per 
cent nitro-glycerine) indicated 14-bO'', on the other 
hand a cartridge of lithofrakteur of 27-2b g., that is 
with the same nitro-glycenne coiitents, indicated 15“ 
on the Brisaux meter. 

The greater action in the case of lithofrakteur 
with the .same amount of nitro-glycerine in tlie 
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cartridges, must therefore be attributed to the other 
added substances, whereby evidently lithofrakteur is 
distinguished from dynamite. 

More often than not it has been observed that 
dynamite cartridges, particularly when they are long, 
only esplode partly so that the lower part which is 
further from the percussion cap remains unburnt ; 
or in blasting operations without a bore hole with 
loose tamping, part of the cartridge is hurled away 
without exploding and is, therefore, without effect. 
This has not been found to occur in the case of 
lithofrakteur owing to the easily inflammable sub- 
stances dispersed throughout the whole mass, and 
its not too rapid combustion. 

A further advantage of lithofrakteur over dyna- 
mite is that in damp and rainy weather, when ex- 
plosive material must be used without casing, it can 
always be made explode whereas in a siiiiilar case 
dynamite sometimes fails. 

Another coinposition of lithofrakteur is given as 
follows : — 

54.5 parts nitro-glycerine, 14.75 parts barium 
nitrate, 2 parts manganese, 2 parts soda, 2 parts 
boring dust, 1 part bran, 7 parts sulphur, and 10-75 
parts kieselguhr. 

2. Kolonial Powder . — In the same way as litho- 
frakteur may be considered as a kieselguhr dynamite 
mixed with ingredients of gunpowder, so liolonial 
powder is a somewhat modified form of black powder 
mixture impregnated with nitro-glycerine. 

Kolonial powder was introduced into commercial 
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use by Wasserfuhr, of Cologne. Freshly manu- 
factured, it gave splendid results. After experiments 
at Bonn the preparation, under favourable circum- 
stances, was said to have an action five to six times as 
strong as ordinary powder. On being put by lor some 
time it was found that the nitro-glyccrinc separated 
and thereby its use was attended with danger-. B^or 
this reason it has not been manufactured for many 
years now. 

3. Brain’s Explosive, Powder . — This powder is the 
invention of tlic English mining engineer, W. B. 
Brain, and consists of 00 per cciit of a composition 
consisting of potassium chlorate, potassium nitrate, 
charcoal, and oak sawdust and dO per cent of the 
same explosive oil. 

The force of this explosive may be taken as 25- 
30 per cent greater than that of a similar weight 
of dynamite. It is cliaracteristic of this explosive 
that its action increases in proportion as the resist- 
ance and hardness of the material to be blasted in- 
crease. In the basalt quarries its action, is a 
tremendous uric, as experiments in the Adiian basalt 
quarry near Oberkassel in the biioliengchirgo have 
proved. On the other hand its action in Ijocss is 
very slight as the mass is too loose and soft. Ignited 
with a quick match hut without a percussion cap, 
the powder burns quickly with a red fairly smoky 
flame but without exploding. 

4 . Lignose . — Whereas the three kinds of dyna- 
mite which we have been discussing may well he 
considered as mixtures of nitro-glycerine with chemic- 
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ally acting absorbent, that is dynamite witli soiim- 
what modified components of black powder, the 
following kinds of dynamite are mixtures of wood 
substance, that is nitrated wood substance with, nitro- 
glycerine to which sometimes an oxygen cari'ler, e.g. 
saltpetre, is added. Lignose is wood fibre ini] )i’egnated 
with nitro-glycerine. It was invented by I'hu'on von 
Triitzschler-Falkenstein in Maggelsheiui .iieai' Kh- 
penik. 

5. Dualin . — This was invented by Dittma.r and is a, 
mixture of nitro-glycerine with sawdust, or wood 
material from paper factories, previously trcuited wiih 
a mixture of nitric and sulphuric acids, or only im- 
pregnated with a solution of potassium nitrate. 

Dualin is a yellowish brown powder witdi, a spe- 
cific gravity of 1'02. In the open air it burns witli- 
out exploding. Yet it is more sensitive to blow, 
shock, and fire than dynamite and lithofrakttuu'. In 
particular it was observed that on lioring out the 
cartridge for the purpose of inserting tlie })tu-(,uission 
cap accidents occurred. Now special fuse cmriridges 
are supplied which are hollowed out IVir the rec.epiion 
of the capsule. 

Ignition of dualin is best obtiiiiuid l)y imiajis 
of a strong percussion cap, but in a dry ])laee and 
with solid tamping a fuse would bo sullicieixt. 

Dualin cartridges are covered with wat(u --glass in 
order to protect them against damp. 

The disadvantages of dualin as compiired with 
dynamite consist in the greater danger atkmdiiig its 
manipulation and its lesser specific gravity, tlm 
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charges taking up much more space, and accordingly 
the bore holes have to be made much wider. Also 
wood fibre is not such a good absorbent as kieselguhr 
and therefore stronger cases are necessary. 

Sebastin and serranin explosives are, probably, 
similar mixtures to dualiu. 

6. Gelliiluftii Dynamite . — This was invented by the 
former K.K. Austrian Engineer-in-Chief J. Trauzl, 
and has as absorbent of nitro-glycerine specially pre- 
pared wood filire material. It combines all the 
advantages of kieselguhr-dynamite with the ad- 
vantage of gun cotton of being insensitive to water. 
The peculiarly treated wood material is a thorouglily 
suitable absorbent, wliich absorbs 70-75 per cent 
explosive oil. 

This explosive in contact witli water remains 
stable in composition, and after pressing out and 
drying, regains its former power. 

7. Dynamites 2, 3, and 4 These are mixtures 

of saltpetre and caihonil'erous substances (as boring 
dust) which serve as abscjrbents of nitro-glycerine. 
They are weaker than gelatine-dynamite, kieselguhr 
dynamite No. 1, and cellulose dynamite. 

The composition of these dynamites is given as 
follows : — 



Nitro-glycoriuc 


No. 'Ji 
60 


No. No. 4 

70 50 


Kieselguhr 


10 


— — 


Wood material . 


10 


20 15 


Barium iiitrate . 


20 


10 35 



On remaining some 



time in water the nitro- 



glycerine separates (as in the case of dynamite No. 1), 
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and the absorbent (saltpetre and boring dnst) is 
rendered incombustible and non-explosive. If e.x- 
posed to the action of the water for only a short 
time, as is mostly the case in mining, it roiuiiins 
quite unchanged. 

All charges of dynamite 1, 2, 3, or 4 wliicli are 
used under water should he protected by water- 
proof casings. This is not necessary in the caHO 
of gelatine dynamite and cellulose dynamite. 

The more dynamites 2, 3, and 4 contain of tlx; 
absorbent — and the content of the latter inerease.s 
as the number goes higher, while on the othoi' liand 
that of the nitro-glycerine decreases — the .stronger; is 
the action in an explosion. Consequently, the strong 
kinds of dynamite Nos. 1 and 2 have a more lircaking, 
and the weaker kinds of dynamite Nos. 3 and 4 a more; 
crushing action, similar to powder. 

It is just this gradation in the action of the dyna- 
mites 1, 2, 3, and 4 which renders their use so viilualilc. 
The cases in which, in the practice of blasting, dyna- 
mites 1, 2, 3 or 4 should be applied, are acenrately 
indicated by the kind of action it is desired to 
produce. 

8, We now come to those dynamites which arc 
produced by amalgamation of gun cotton, collodion 
cotton, with nitro-glycerine. 

Trauzl has conducted experiments with gun cotton 
impregnated with nitro-glycerine and which, is known 
under the name of gun-cotton dynamite. He found 
that this mixture, which can be handled and stored 
without any danger, has a highly! explosive action. 
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with a wator content of 15 per cent, if ignited with 
a Strong fuse (match). A inixture of 73 parts nitro- 
glycerine, ‘25 parts of guncotton, and 2 parts of carhon, 
afterimmersion. in water for four days absorbed 15 per 
cent of the latter, but could, however, be niade to 
explode easily with it strong fuse. 

The manifest advantages ol this gun-cotton dy- 
namite resulted in an attempt being made to produce 
an explosive composition with collodion cotton and 
dynamite. In this manner explosive gelatine (gela- 
tine dynamite) was discovered, which was destined 
to bring about a great improvement in the production 
of explosives. 

The production of explosive gelatine is based on 
the fact that the lower cellulose nitrates such as the 
collodion cottons containing 8 and 9 nitro groups are 
soluble in ether. As nitro-glycerine is also an ester, 
then collodion cotton will be dissolved by it. Conse- 
quently, collodion cotton forms a most perfect ab- 
sorbent lor nitro-glycerine ; it is itself practically an 
o.xplosivG, but it also modifies considerably the pro- 
[lerties of dynamite. One-half per cent of collodion 
cotton is sulficient to convert the nitro-glyccrine into 
a thick, jolly-like mass, and 8 })er cent, as is generally 
used for the production of csplosivc gelatine, on- 
ables the production of a bough, solid, and horny 
like body which can be cut with a knife and 
moulded, whereas the best kieselguhr can only ab- 
sorb at the inost 80 per cent of nitro-glycerine. 

For the preparation of explosive gelatine, nitro-gly- 
cerine is heated in copper pans and nitrated cotton is 
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mixed with it by hand until a solid mass is formed. 
This remains from three to six hours in the pans, until 
the mass has taken on an entirely transparent ap- 
pearance, the water under the pans which has served 
for heating from 9(J°-97° being continually changed 
during this time. It is then stored in a room heated 
to 50”. After this the gelatine is placed in specially 
constructed presses where it is formed into sausages, 
and it is treated in the same way as the dynamite. 
In order to render it insen, sitive to violent shock.s — ■ 
for instance, gun-shot — it is given an addition of 
camphor for war purposes. Of course, in this 
case special fuse cartridges are necessary for ox- 
plosion purposes. In the place of camphor, pitch, 
resin, aniline, diphenylamine, tannin, etc., have been 
proposed. 

Generally explosive gelatine is composed of 92 per 
cent nitro-glycerinc and 8 per cent collodion cotton. 
Sometimes a small percentage of the latter is repilaced 
by saltpetre. 

As explosivegelatine, when stored, sometimes allows 
the nitro-glycerine to ooze out, and is of no particular 
stability, gelatine dynamite is mostly used for blast- 
ing purposes. 

Gelatine Dynamite is manufactured from nitro-gly- 
cerine and about 3 per cent collodion cotton by heat- 
ing the former in copper pons with water at 97" up to 
50" or 60", and then the nitro-cellulose is mixed in by 
hand. After an hour's heating, a syrup-like mass is 
formed with which the zumic powder, composed of 
saltpetre, boring dust, and soda is amalgamated, 
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means of a sausap;e machine with a driving screw, 
the gelatine dynamite cartridges are formed. 

For the production of gelatine dynamite special 
kneading machines are employed, the construction of 
wlrich. is sliown in Fig. (> (p. 241). It consists of a 
wooden, frame a, on wliich a false bottom h can by 
means of two screw shafts c. be moved higlrer or lower. 
Tliose catch, with, nuts d into tire side walls fitted 
into tire base and continue upwards in plain shafting 
to whidi a bevel wlreel e is fixed. A si i aft h’ fixed 
above tire airparatus by means of two counter bevel 
wlrecls catdi es iirto the shafts. By turning the crank 
h the false bottom is raised. On it there is a copper 
pan i on four wlrecls with a water jacket j. At the 
top the wooden frame carries a second sliaft k with 
a fly wheel, two discs m, n and two bevel wheels o. 
These catch into the counter- wlrecls p which are 
fixed to two shafts p, carrying finger-shaped mixing 
wings r placed cross-wise. Tire work is then carried 
on in such, a manner that the axle witlr the double 
pan, is pushed on, to the false bottom, whore by,/ it is 
warmed to -Kf-fiO" C., and puslred upwards until tlie 
wings dip, and these are tiren set in motion, After 
about an hour the oiioration is finished. Also tlic 
well-known Werner i’fleidoror kneading madiines 
are used. 

Gelatine dynamite ISh). 1 , wlriclr. is generally vrsod 
for blasting work in Germany, is coin])osed as fol- 
lows : — . 
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Per cent. 


Per cent. 




I'cr cent. 


65 Gelatine 


( 96-15 
\ 3-65 


Niti'o-glycerine , 
Collodion cotton 


62-50 

2-5 




i 75 

i 1 


Sodium nitrate , 


26-25 


35 Zumic powder 


Sawdust 


8-40 


Soda . 


0.35 








100-00 



This gelatine dynamite is called “Gelignit". 

In England gelatine dynamite is prepared with 
80 per cent gelittine and 20 per cent zuinic powder. 

The weaker kinds of dynamite, Nos. 2 and 3, 
are composed of — No. 2, 45 per cent gelatine and 
55 per cent ziunic powder; No. 8, 14 per cent nitro- 
glycerine and 86 per cent zmnic powder. 

Zumic powder is prepared in tlic following 
manner : — 

70 pep cent Sodium nitrate 

15 ,, Sulphiir 

,, Charcoal 

1 >1 Soda 

Particularly strong dynaniites are obtained by 
an addition of ammonium nitrate, as for instance 
ammongelatine, extradynaniitc, etc., etc. 

We have now only lo mention briefly different 
dynamites which are used in blasting operations or 
are recommended lor use. They belong to tho 
class of dynamites with chcinicnlly active absorbent, 
but cannot well be placed in any ono of tlic three 
subdivisions given above. They are : — 

Fidminatin , invented by Justus Fuchs (in Alt Berau 
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in Silesia), which is a mixture of nitro-glycerine with 
a combustible organic substance (presumably shearing 
wool). 

Pantopullit, composed of 20-23 per cent infusorial 
earth; 2-3 per cent chalk; 7 per cent heavy 
spar and up to 70 per cent o£ a solution of naph- 
thalene in explosive oil. This explosive was manu- 
factured by a Bhenish factory at Opladen. The 
naphthalene was said to arrest the unpleasant fumes 
resulting from tho explosion. The explosive effect 
was good ; however, the smoke and smell resulting 
from the discharge of the shot was so unpleasant 
that the workmen at once complained of violent head 
and chest pains and for a long time could not con- 
tinue their work. 

Bhexit, invented by C. Diller, contains 64 per cent 
nitro-glycerine, 11 per cent wood pulp, 7 per cent 
wood dust, 18 per cent sodium nitrate. 

Meganit of Schuckher & Oo., coinposed of 60 per 
cent nitro-glycerine, 10 per cent nitrated wood, 10 per 
cent nitrated brazil nut, and 20 per cent sodium 
nitrate. 

Karbo Dynamite of Beid and Borland — 90 per 
cent nitro-glycerine, 10 per cant cork charcoal. 

Karhonit of Hchmidt and Bichel — 25 per cent 
nitro-glyccrinc, 40'5 per cont wood dust, 34 per cent 
sodium nitrate. O' 5 per cent sodium carbonate. 

Stonit of Schmidt and Bichel — 68 per cent nitro- 
glycerine, 30 per cent kieselguhr, 4 per cent wood 
dust, 8 per cent potassium nitrate. 

Dynamite of Vonges (France) — 75 per cent nitro- 
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glycerine, 20-8 per cent randonite (weathered fels- 
par), 3 ’8 per cent quartz, 0.4 per cent magnesium 
carbonate. 

Hercules Poiuder (America) —40 per cent nitro- 
glycerine, 45 per cent sodium nitrate, 11 per cent 
wood substance, 1 per cent kitchen salt, I per cont 
magnesium carbonate. 

Vulcan Poioder (America) — 30 per cent nitro- 
glycerine, 5 2' 5 per cent sodium nitrate, 7 per cent 
sulphur, 10-5 per cent charcoal. 

Safety Nitro-Powder (America) — 08 '81 per cent 
nitro-glycerine, 18-35 pet. ceirt sodium nitrate, 12-84 
per cent wood substance. 

Judson Powder (America) — 5 per cent uitro-gly- 
cerine, 64 per cent sodium nitrate, 10 per cent 
sulphur, 15 per cent cannel coal. 

Atlas Powder (America) — 75 per cent nitro-gly- 
cerine, 2 per cent sodium nit] ate, 21 per cent wood 
fibre, 2 per cent magnesium carbonate. 

Vigorit (America) — 75 per cent nitro-glycerine, 
4 per cent potassium chlorate, 7 per cent potassium 
nitrate, 0 per cent wood substance, 5 per cent mag- 
nesium carbonate. 

In addition, particular mention should be made of 
the so-called “ weather dynamites ”, 

The fire-(lanip in coal-mines is a mixture of mine 
gas (Methane CITj) with at least 0 parts of air; 
mixtures with more mine gas are not explosive. If 
such a gas coinbination is ignited, it burns with a 
fearful explosion, and this, unfortunately, claims an in- 
creasing number of victims every year. Coal-dust, 
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hloreover, if in the air in a finely divided state, is 
easily set five to, and tlic combustion spreads quickly 
and takes on the character of an esplosion. The 
combustion of such substances can also he brought 
about by blasting operations as well as by careless 
handling ol the mine lamps. Therefore, in those 
mines in which there is the danger of fire-damp, or 
of coal-dust explosions, the ignition of the dynamite 
charge sliould only be accomplished by means of elec- 
tricity, and, tlien, direct exploding substances, such as 
powdm;, etc., sliould not be used, as these burn too 
slowly, whilst the coal begins to free itself, and as long 
as there is a portion of the charge in the bore hole, the 
open combustion thereof can cause an explosion. 
Therefore, only explosives such as dynamite of the 
strongest kind should be used, then the danger is 
very considerably miniinizecl, and by careful choice 
of the cliarge, the drawback of the too violent 
shattering of the coal is avoided. Mallard and Le 
Gliatelier found, furtlier, that all esplosive materials, 
the ignition temperature of which were under 2200°, 
did not ignite fire-damp. To these explosives be- 
long all those which contain ammonium nitrate in 
large (juantituis, sudi as roburite, aminon-gelatine, 
bellit, etc. 

]<’inally, experintents have been made — apart from 
the proposals of filling the bore-holes with water, or 
putting the cartridges in cases filled with water or 
sand, in order thereby to avoid contact of the air 
with the explosive flame — mixing with dynamite 
soda crystals or sodium sulphate, tlic large amount of 




128 



GLYCERINE 



water of crystallization vaporizing in an esplosion and 
forming a sort of water jacket. 

These weather dynamites are of the following 
compositions : — 

Nohel's weather dynamite : — 



Nitro-glycerine 




52 per cent. 


Kieselguhr . 




14 „ 


Soda crystals 




34 „ 


Ammon-weather dynamite : 








I. 


IT. in. 


Nitro-glycerine 


. GO 


50 40 


Sal ammoniac 


. 40 


50 GO 



These kinds are less certain than soda-weather 
dynamite, and in an explosion develop unpleasant 
sal ammoniac fumes. 

The former applies also to- — 

Kubiu’s Weather-dynamite: — 



Nitro-heuzolgelatine 


1. 

. 30 


n. 

42 


ni. 

40 


Ammonium nitrate 


. 40 


8 


— 


Ammonium sulphate 


. 30 - 


50 



The following composition lor weather dynamites 
has proved thoroughly reliable, as even when using 
1000 g. no explosion resulted : — 

Guhr dynaiiiite : — 





i. 


ri. 


Explosive Oil 


. 45 


40 


Kieselguhr 


. 1.2 


10 


Magnesium sulphate 


. 42 


19 


Soda 


1 


1 
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Gelatine dynamite : — ^ 

Explosive oil 
Zumic powder 
Magnesium sulphate 
Soda . 



I. 


ii. 


38.5 


25 


18 


10 


42.5 


64 


1 


I 



A drawback, however, of all these dynamites con- 
sists in the fact that through the addition of soda, 
that is, owing to the water of crystallisation in the 
soda having to be vaporized, the explosive action is 
somewhat lessened. Such dynamite might, therefore, 
be too expensive in coinparison with ordinary strong 
dynamite, the use of which as a rule offers the same 
security. 

Ammongelatim dynamite contains : — 



Nitro-glycerine 
Collodion cotton . 
Flour (meal) 
Ammonium nitrate 



25-30 per cent 
1 „ 

10 „ 
40-43 ,, 



These dynamites are much m use, and by the ad- 
dition of cooking salt the security against ignition is 
increased. 




CHAPTER IS. 



LICAD GLYOERIDK (GLYCKrUNE CEMKNTj. 

It has been known lor some time that glycerine 
which has been intimately mixed with protoxide cf 
lead (litharge) results in a mass which, after a short 
time, becomes as hard as stone and can be muployed 
for many useful purposes, but particularly for the pro- 
duction of very resistant cements. It was first 
ascertained by experiments carried out by Morawski 
that glycerine with protoxide of lead formed a coin- 
binatiou of a definite constitution — lead glyceride. 
The lead glyceride which results from the mixing of 
glycerine with protoxide cf lead, is of the following 
composition CyI-L,(HPbO^) + H^,0 and is crystalline. 
The crystals can be obtained in quite a pure form, 
that is, in the shape of very siiiall needles, if to a 
solution of protoxide of lead in potash-lye glycerine 
is added. 

The behaviour of glycerine cement on treatment 
with chemical reagents was tried in such a, manner 
that parallelipipeds of 3 mm. thickness were made 
rf the cement and submitted to the action of differ- 
ent reagents. Concentrated and diluted acetic acid 
easily dissolved the cement after three hours’ action ; 
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concentrated nitric acid attacks it very slightly, 
as the lead nitrate which is so difficult to dissolve 
Binders "the further action of the acid; diluted nitric 
acid easily causes the dissolution. Concentrated and 
diluted sulphuric acid (1:4) behave in the same 
manner as nitric acid. Muriatic acid, diluted as 
well as concentrated, lias scarcely any effect on the 
mass ; potash-lye soon disintegrates the composi- 
tion ; ammonia solution hardly affects it. 

In order to ascertain the most favourable con- 
ditions for the production of the cement between 
protoxide and glycerine, bars were prepared froin 
different mixtures of the two substances and water, 
of exactly similar size (25 mm. long, 11 mm. wide, 
and 8 mm. thick), and their solidity determined by 
supporting them at each end nnd applying weights 
in the centre until they broke. The table on next 
page gives the results of these experiments. 

A mixture of 50 g. litharge and 5 c.cm. of gly- 
cerine results therefore in the most solid cement ; 
but it is difficult to make, as hardening sets in before 
the mixture has been sufficiently mixed by mechanical 
means. It is more easy to make such a cenient by 
mixing 5 volumes cf glycerine with 2 volumes of 
wator and of this liquid mix GO c.cm. with 50 g. of 
litharge. 

This mass very rapidly hardens and after ten 
minutes is already fairly hard, and after three hours 
harder than any other ; in the course (f time, how- 
ever, it is exceeded in hardness and solidity by the 
cement prepared according to Experiment 9. 






Dilution of 


c.cm. 
per 50 
lead oxid< 


1 


lireaking Weiclit. 


NO 


Glycerine. 


* Behaviour on hardening 







Vol. of Glycerine 
to Water. 


Grammei; 


A-ftei 

lays. 


1 


o 

CCS 

O 


6 


Is not a good harden 












ing mass ; soaroel; 
coherent. 








10 :40 


6 


Somewhat harder, bu 












easily crushed be 
tween the fingers. 








10 -.30 


6 


Distinctly harder thiu 












2, but not yet satis 
fiiotory. 






4 


10 :20 


6 


After standing for rc 


530 


4 








vcrnl clays, can stil 
be easily cut. 








10 :10 


7 


More solid than 4 bu: 












less so than 6, 






6 


10 ; 10 


5 


Distinctly more soli! 












than 5. In the fom 
of small, slightly re- 
sonant plates, quick- 
ly sets, difficult tc 
mix. 






7 


10 : 6 


6 


Fairly hard, and al- 


800 


4 








ready shows a clean 
cut. 






8 


10 : 4 


5 


Eiardened in 10 min. ; 


1700 


4 








after 2 hours very 
solid, diflioult to 












mix. 






a 


10 : 4 


6 


if ter 2 hours more 


2020 


4 








solid then any other 
mass, hardens just 












as quiokly. 






10 


10:4 


7 


in 10 min. tenacious 


1550 


4 








and binding, nnd in 
2 hours very solid. 






11 


Gone. glyo. 


7-3 


Ifter 3 hours not sulli- 
c i e n t ly hardened, 
but in a few days 


1100 


4 








fairly liard. 


/1020 
1 ■] 75Q 




12 


•. » 


7 


Che same almostas 11. 


ij 


13 




0 


Hardens in a shorter 


/2070 

11540 


3 








time than 12 and is 
more solid. 


G 




14 




5 


Ifter 10 min. already 


3080 


6 








particularly tough 
and in 20-30 min. is 












solid. 
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The glycerine cement is a yellow or brownish 
mass, which, pressed into moulds and left in these for 
some days, fills out the finest hollowings cf the mould, 
aud is, therefore, very suitable for coin impressions or 
reliefs, which are more solid than plaster or cement 
casts. 

T'hc cement is particularly suitable as foundations 
for objects which are cf considerable weight, and 
which are, therefore, constantly subjected to blows, 
for this cement, in spite of the hardness it gains in 
course of time, never loses all its elasticity. Founda- 
tions of steam engines, stamping machines, etc., 
have therefore been made of lead-glyceride which is 
also used for cementing stones. In order to cement 
stones, the spaces in question should be smeared over 
with concentrated glycerine, then litharge should be 
powdered on to them, and the stones tightly pressed 
one on the other and for some days kept under pres- 




CHAPTER X. 



GLYCEEINE AS SOFTENING SUlWTANGE. 

Owing- to its high boiling-point, glycerine in itseli! 
belongs to those substances which evaporate with 
great difficulty ; but it also possesses considerable hy- 
groscopic qualities, that is it absorbs water I'rom tlu! 
air or from those bodies with which it is brouglit 
in contact. Therefore, if a wide vessel containing 
glycerine is exposed to the air, the liquid therein 
is increased because glycerine draws water from 
the air. 

If, then, a substance which, when exposed to tlie 
air on drying becomes hard and brittle, is mixed with 
a suitable quantity of glycerine, it can be kej)t soft 
and supple for any desired length of time, and should 
the substance in question be subject to decay, decay 
can be arrested if glycerine is present in large (juan- 
tities. ff glycerine is used in small (quantities only, 
decay of the substance in question can also be pns- 
vented if in the glycerine an antiseptic substancaq 
such as carbolic acid, boric acid, salicylic acid, bo dis- 
solved. 



GLYOKRINK AS SOFl’BNTNG SUBSTANCE m 

GlYCKKINE EOR XHK PxiliSEEVATION OE PUES, 
Stuffed Animals, and Animal -Skins. 

A raw animal skin on being exposed to the air 
dries, as is known, to a brittle hard mass ; should 
the temperature be so low that tlic evaporation of 
tho water does not Lake place rapidly enough, then 
the skin does not dry, but decays. 

ff raw animal skins are repeatedly rubbed with 
glycerine, then, after long exposure to tlie air, tliey 
not only do not decay, but retain their suppleness ; in 
the case of heavy animal skins the suppleness is even 
increased by glycerine, mid the simple process of 
rubbing these raw animal skins with glycerine would 
undoubtedly be tlic simplest tanning process, but for 
the fact that the application of glycerine for this pur- 
pose is precluded on account of its solubility in water. 

For iiistance, if a skin which has been rendered 
supple by impregnation with glycerine were plunged 
in water, owing Lo osmosis there is an exchange be- 
tween bhc liquid contained in the tissue of the skin 
and the liquid outside, and in this manner the gly- 
cerine is extracted again. 

IT, therefore, glycerine cannot be considered as e 
means of tanning in the real sense of tlie woixl, yet 
it can be used with extraordinary advantage in cor- 
tam cases for the preservation of animal skins. 
Furs, and notably valuable furs, are mostly olitainod 
from small animals (martens) , and only tanned with 
difficulty on account of the great care to be exercised 
in .connection with the hair. 
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In most cases people are content with rubbing 
the flesh side of the fur with alum and cooking salt, 
and accordingly give it a superficial white tanning. 
Furs treated in this manner have, however, two 
drawbacks — the skin, in spite of the fact that it is 
not very thick, is brittle, because softening thereof 
by mechanical nieans (lulling) can not be resorted 
to, owing to the care with which the hair side must 
be treated ; or it cannot be proceeded with in such a 
manner as to render the skin quite supple. The 
second drawback, which in the case of some furs 
is noticeably unpleasant, is the smell peculiar to the 
animal from which the fur is obtained. 

Both drawbacks can be remedied in a very simple 
manner, if the preservation of the fur is accomplished 
by means of glycerine, and this is carried out in the 
following nianner : — 

The skin is first placed in water in order to render 
it supple, and is then washed in either a soap or soda 
solution in order to remove fat or dirt and to con- 
serve the hair side in all its beauty. After this 
treatment the fur is repeatedly rinsed in water and 
is then placed, the hair side downwards, on a table 
and the flesh side is then manipulated with the in- 
struments as used by tanners lor this purpose and 
all particles of flesh and all hard lumps in the skin 
removed. 

After coiiipletion of this work, the skin is rubbed 
on the flesh side with concentrated glycerine, in which 
boric acid has been dissolved ; this rubbing is repeated 
two or three times and the skin is then hung in a room 
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to dry. By means of the washing process, the skin 
is thoroughly soaked through and through with 
water; as soon as the concentrated glycerine is 
applied to the flesh side of the fur, the action of 
osinosis sets in and the whole skin is then impreg- 
nated with a diluted solution of glycerine correspond- 
ing to the water contents thereof. 

ff the skins hang in dry air, then the water is 
allowed to evaporate until the glycerine is so con- 
centrated that no more water escapes; the whole 
tissue of the skin is now so impregnated with glycer- 
ine that it will always remain supple, and is 
thoroughly protected against decay hy the strong 
antiseptic action of the horic acid. 

In order to mask the faint smell which some furs 
even after repeated washing do not lose, instead cf 
ordinary glycerine, such glycerine should he used as 
is slightly perfumed with a not too volatile sweet- 
smelling substance such as ambergris or nutmeg oil. 

The fur treated in this manner, on the flesh side 
has the appearance of a fresh skin ; if it isdesired to 
impart to it the appearance of tawed leather, this 
can be accomplished in a very simple manner by 
spreading over it a cold solution of alum or aluminium 
sulphate, leaving it to dry and then dabbing it over 
with a sponge dipped in ammonia. In this way 
the aluminium hydroxide is separated from the flesh 
side of the skin, which thereby has the appearance of 
tawed leather. 

In the same manner as for furs can be treated 
the skins rf animals, which are to be stuffed, such 
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as birds, and this process is particularly valuable for 
naturalists when travelling, who are not able to 
stuff immediately the skins cf animals and birds 
caught. IF the fresh skins are treated with glycerine 
m which for this purpose salicylic acid instead of 
boric acid has been dissolved (on account of its power- 
ful preserving action) then the skins or birds can, 
as soon as they are dried, be packed in boxes and left 
there as long as desired. If the bird is to be stuffed, 
then it is quite supple and much trouble is saved 
which would be otherwise occasioned by the soften- 
ing of the dried and stiff skin. 



Glyceuine for the Prksexwation of whole 
Anim.yls. 

Glycerine is also of importance to the naturalist 
from another point of view, and therefore we touch on 
its value lor natural history purposes. It is known 
that soine animals preserved in alcohol become ir- 
recognizable in the course of tinie, because the 
alcohol dissolves the fat in the body and destroys 
the colour. This is particularly noticeable in the 
case of some beautifully coloured sea worms and 
fish which shrink in alcohol and entirely lose their 
colours. We have found that glycerine which is 
sufficiently diluted with water, in order that tho 
very watery bodies of worms end other molluscs as 
well as of fishes should not shrink by the absorp- 
tion of the water, is eminently adaptable for the 




aLYOEKINE AS SOFTENING SUBSTANCE 139 



preservation of such animals. For this purpose we 
prepare a preserving fluid according to the following 
method : — 

Glyceiiue . . 200 g. 

Water . . 800 „ 

Salicylic acid . 4 !> 

Tlic glycerine and water mixture is placed in a 
l)ottlc into which the powder like salicylic acid is 
sliaken, and for a week the bottle is shaken several 
times a day. 

The salicylic acid, which is more easily dissolved 
in a liquid containing glycerine than in water, dis- 
solves in the diluted glycerine, and this after it has 
been filtered can then be used for the preservation of 
animals. 

The use of this liquid for the preservation of 
animals has the following advantages : The animals 
reiuain completely preserved in shape and colour, 
both the glycerine and the salicylic acid protect them 
against decay. The preserving liquid does not evap- 
orates very much, and therefore the sealing of the 
vessels is not so troublesome as in the case of pre- 
parations preserved in alcohol. IF a vessel is so 
l)adly closed that after a short time a noticeable 
(ptantity of the preservation liquid has evaporated, 
then all that is necessary is to replace the evaporated 
li(|uid by clean water and to hermetically seal the 
vessed. Formaldehyde (formalin) can be substituted 
for salicylic acid. 
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grating it. The grease is divided into very fine 
drops which float about in the liquid and give it a 
milky appearance. 

By repeated treatment with degras, a certain de- 
gree of suppleness is given to cKamois leather, and 
presence of alkaline substances prevents any specific 
odour due to rancidity, as the free fatty acids result- 
ing therefrom are at once bound. In spite of th.s, 
chamois leather has a characteristic smell, very prol)- 
ably due to small quantities of volatile latty acids 
which cannot be bound by the alkali. 

As the application of degras only results in the 
suppleness cf the leather, this preparation can be 
entirely substituted by glycerine : one application 
of glycerine to the chamois leather (it must be 
rubbed in as long as the leather is wet) quite docs 
away with the treatment with degras ; the leather is 
hereby rendered supple, without after some time as- 
suming a strong odour or darkening, as is more or 
less the case with leather which has been treated 
with degras. 

For this and other similar purposes there is no 
need, as will he seen, to use highly purified glycerine 
which is absolutely colourless and odourless, but a 
product may be used that has simply been obtained 
by means of distillation, and which does not need to 
be colourless and odourless. With regard to the 
latter quality, it must be remarked that there should 
be no sniell of acrolein, as this substance even when 
largely diluted has a very objectionable odour. 

In the manufacture of tawed leather, so-called 
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alum leather and glace leather, degras is substi- 
tuted hy the so-called “food”. This consists of 
several very dissimilar substances ; fermented grain 
(groats) and bran are very often mixed with grated 
calfs brain and the skin is then impregnated with 
this “ food 

In the manufacture of glace leather a similar 
“food” is more often used which contains yoke of 
egg The doping of skins tanned witli alum is ac- 
complished by treading witli tlic feet or kneading 
with the hands in a flat vat filled with the “ food 

Chemically, the brain and yolk of egg show a 
certain similarity because both substances con- 
tain a certain quantity of glycerine in addition to 
the fat, in the form ol glycero-phosphoric acid, and 
in these cases in addition to the lat it is the gly- 
cerine which imparts suppleness to the leather. 

The “ doping ” which consists of yolk of egg is 
fairly expensive, therefore manufacturers of bleached 
(tawed) glace leather must sell the white of egg 
which conies away with the yolk, either to printing 
works or to manufacturers of albumen. As also in 
this case it is tlic glycerine to which tlic action of the 
doping l)elongs, this substance can be easily substi- 
tuted for the yolk of egg. 

Glycerine can best he applied by spreading the 
tanned skin out on a table, so that the side to be 
dyed should be underneath, and tlic other side is then 
lightly run over with a brush dipped in glycerine. 
Bach two skins are placed with tlic brushed sides to- 
gether, and a weight is placed on the skins and they 
are left for a few days. 
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grating it. The grease is divided into very fine 
drops which float about in the liquid and give it a 
milky appearance. 

By repeated treatment with degras, a certain de- 
gree of suppleness is given to cKamois leather, anti 
presence of alkaline substances prevents any specific 
odour due to rancidity, as the Iree fatty acids result- 
ing therefrom are at once bound. In spite of this, 
chamois leather has a characteristic smell, very prob- 
ably due to small quantities of volatile fatty acids 
which cannot be bound by the alkali. 

As the application of degras only results in the 
suppleness of the leather, this preparation can be 
entirely substituted by glycerine : one application 
of glycerine to the chamois leather (it must be 
rubbed in as long as the leather is wet) quite does 
away with the treatment with degras ; the leather is 
hereby rendered supple, without after some time as- 
suming a strong odour or darkening, as is more or 
less the case with leather which has been treated 
with degras. 

For this and other similar purposes there is no 
need, as will be seen, to use highly purified glycerine 
which is absolutely colourless and odourless, but a 
product may be used that has simply been obtained 
by means of distillation, and which does not need to 
be colourless and odourless. With regard to the 
latter quality, it must be remarked that there should 
be no sniell of acrolein, as this substance even when 
largely diluted has a very objectionable odour. 

In the manufacture of tawed leather, so-called 
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alum leather and glace leather, degras is substi- 
tuted by the so-called “ food This consists of 
several very dissimilar substances ; fermented j^rain 
(groats) and bran are very often mixed with gratcul 
calfs brain and the skin is then impregnated with 
this “ food 

In the manufacture of glace leatlior a similar 
“food” is more often used which contains yok(i of 

egg The doping of skins tanned with alum is ac- 
complished by treading with the feet or kneading 
with the hands in a flat vat filled with the “ food 

Chemically, the brain and yolk of egg show a 
certain similarity because both substances con- 
tain a certain quantity of glycerine in addition to 
the fat, in the form of glycero-phosphoric acid, and 
in these cases in addition to tlic fat it is the gly- 
cerine which imparts suppleness to the loatlter. 

The "doping” which consists of yolk of egg is 
fairly expensive, therefore manufacturers of hloached 
(tawed) glace leather must sell the white of t'.gg 
which comes away with the yolk, either to printing 
works or to manufacturers of albumen. As also in 
this case it is the glycerine to which the action of the 
doping belongs, this substance can be easily substi- 
tuted for the yolk of egg. 

Glycerine can best be applied by s])roacling tlui 
tanned skin out on a table, so thitt the side to bo 
dyed should Le underneatli, and the other si(l<> is tlum 
lightly run over with a l)rush dipped in glyceriiui. 
Each two skins are placed with the lu-ushed sides to- 
gether, and a weight is placed on the skins and they 
are left for a few days. 
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During this time the glycerine is evenly absorbed 
by the whole mass of the leather and attains thereby 
the highest degree of suppleness. During the process 
of dyeing by painting or by means of dipping, the 
skins lose part of their suppleness, and, therefore, a 
preliminary experiment should be made in order to 
ascertain in how far tlic glycerine should be diluted 
so that the leather may attain tlzc necessary degreo 
of suppleness. 

It is, moreover, possible, after the y/are leather has 
been dyed, by rubbing glycerine in on tlic non-dyed 
side to give it the necessary degree of suppleness, 
and it needs only a simple expe.riment in order to 
determine the quantity of glycerine which is neces- 
sary to impart to the leather lasting suppleness and 
elasticity . 

Glycerine is also of value to manufacturers of 
tanned leather because it imparts to this particular 
leather a high degree of suppleness. The vamps of 
boots which owing to faulty tanning are somewhat 
brittle, can be very much improved in quality and 
rendered quite supple. To this end the leather, need 
only be spread with glycerine on one side, and, if 
necessary, this operation can be repeated onco or twice. 

A heavy red tanned leather such as is used lor 
belts possesses the drawback that it has very little 
suppleness ; a considerable portion of the power used 
to drive machines with belts is lost because tlic belts 
only turn round the wheels with stiffness. The 
edges also easily fray and after a time split. 

These drawbacks can best be remedied byimpreg- 
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natin^ the belts with glycerine, which can be ac- 
complished by repeated applications of glycerine, and 
by tbis means even very thick straps without in 
the least losing their firinness can be iiiade so supple 
and durable that they even run round wheels of very 
slight diameter, without fraying or necessitating any 
particular expenditure of force as regards bending or 
stretching. 




CHAPTER XI. 



PREPARATIONS OF GLYCERINE AND GLUE. 

Glue in a perfectly dry state forms a very hard 
and uncommonly brittle mass, which in contact with 
water for some time swells more and more and finally 
is transformed into a very voluminous and soft jelly, 
which on slight heating melts into a solution of glue 
in water. 

The high degree cf elasticity possessed by glue 
which has absorbed a certain quantity cf water 
would render it very suitable for some purposes, 
if the steeped glue did not putrefy so quickly. This 
could indeed be prevented by adding to the water 
in which the glue is steeped a powerful pre- 
servative (forinstance salicylic acid), but even in this 
case it would not be possible to obtain an elastic mass 
of permanent uniform quality because the glue is 
constantly letting water evaporate, and therefore 
become less voluminous and elastic and finally would 
dry up to a hard brittle mass again. 

By the addition of a suitable quantity of glycer- 
ine it is possible to impart to the glue those lasting 
qualities cf elasticity which are only transitory in the 
case of glue melted with water, and such glycerine 
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glue can be used for quite a nuniber cf different 
purposes. According to the end in view, glue of 
different degrees of purity can be used; the most 
common joiner's glue and the finest colourless gelatine 
result in preparations of fairly similar qualities and 
only differ strongly from one another in colour. 

The production of glycerine glue is best proceeded 
with in such a manner that the glue is first allowed 
to soak in water and the cakes are transfornied into 
soft flaky masses, which on lifting can easily be torn, 
the water is then poured off, the steeped glue care- 
fully melted and boiled when all the scum which ap- 
pears during boiling floats on the surface and is 
removed. 

After this the necessary aniount of glycerine is 
added, and by stirring is intiniately mixed with the 
glue solution. 

ff a sample of glycerine glue prepared in this 
manner does not show sufficient firmness on cooling, 
then this is aproof that the mass contains too much 
water, and by careful evaporation the excess of water 
can be removed. The only precaution necessary to 
take in this connexion consists in constant stirring 
as soon as the mass begins to thicken in order to 
avoid burning, which easily takes place where the 
flaine touches the vessel. If evaporation does not 
take place over an open fire but on tlie hob danger 
of burning is much less. Burnt glycerine glue has 
a dark colour and a peculiar sweet sort of smell. 

If the evaporated mass is sufficiently firm, it is 
immediately poured into shapes ready to receive the 
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inass, and they are left for a time until the entire 
inass is so hard that on touching it with the finger 
it does not stick. 

ff it is a case of making a light-colouredglycerine 
glue from dark glue, then, on soaking, the glue must 
also he cleaned. In the place of plain water, water 
to which a percentage of strong vinegar has been 
added may he used, and the first water is poured on 
to the glue only three hours later, the second and 
subsequent (4-5) waters at intervals of two hours. 

Owing to this water containing vinegar, osmosis 
extracts from the glue a considerable number of salts 
aiid colouring niatter, and in this way it is possible 
to ilianufacture from an evil smelling, practically 
black glue, glycerine glue which is the colour of 
dark amber. 



Glyceeinb Gelatine, 

This preparation, which is eminently suitable for 
the preservation of delicate microscopic preparations 
(see p. 140), is obtained as follows: The purest 

colourless gelatine is steeped in water for so long 
that, after the water is poured off, on heating it just 
melts at 100". The steeped gelatine is placed in a 
glass, which is put in water and heated until it boils. 
As soon as the gelatine has melted, concentrated 
glycerine is dropped into the liquid and mixed by 
stirring with a glass rod, the mass is then poured 
into a china cup and left to congeal. 

The addition of glycerine is so proportioned that 
the congealed mass on heating becomes liquid at 
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about 50"; properly prepared in a solid state it is a 
perfectly transparent and colonrlcss mass which has 
a certain degree of hardness. 

If a microscopic preparation is to be preserved in 
glycerine gelatine, a small piece of the gelatine is 
]daced on a glass plate, this is heated to 51°-53° and 
the preparation to he preserved is pressed into the 
melted glycerine glue, when care must be exercised 
that there arc! no air bubbles. After the plate has 
been loft for Home tiinc the glycerine glue thoroughly 
hardens and the preparation is embedded therein, 
or melted, just as some firm objects are melted into 
glass. 

It is of importance in the production of glycerine 
glue for microscopic purposes to take care that the 
pre])aration should be as firm as possible, which can 
be attained liy avoiding any excess of water during 
the process ; further, the melting-point should not 
be liigher than 50°, which can be managed by proper 
regulation of the quantity of glycerine. To observe 
this condition as regards the melting-point is neces- 
sary, as m glycerine glue with a high melting-point 
delicate plant and anatomical preparations easily 
change owin^ to loss of water. 

(tEVC uiunk-Gluk l-’Olt Pkinting Eolleks. 

Glue, used for this purpose, should be of a not too 
dark average kind, and is mixed with so much glycer- 
ine as seems necessary for the roller mass. Roller 
material intended for printing needs far less glycerine 
than the roller mass intended for the transmission 
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cf ink on to copper printing or lithograph plates, 
because, owing to the care which must be exercised 
in regard to the plates, no heavy pressure should bo 
used, as in the case of ordinary letter type or wcxxf 
cuts. 

The production of glycerine glue for printing 
rollers takes place in esactly the same manner as was 
described for the preparation of glycerine gdatino, 
naturally, less care is necessary in this case than 
would he necessary for that delicate prciparation. II 
the sample taken from the roller mass, after he.ing 
hoiled for some time, seems too firm, tlic deloct 
can he remedied hy the addition of glycerine ; if it 
is too soft it can he steamed, or a certain quantity 
of glue can he added which must have been soakcid 
sufficiently for it to soften. Then the whole mass 
must boil again for a time in order lo bring tlui 
freshly added glue into solution. 

The moulding of the glue mass for ])rinting 
rollers is accomplished in a simple manner, and to 
this end a simple device is used which consists of a 
turned cylinder perfectly smooth inside which along 
its length can be divided into two halves. d’he 
cylinder is closed with a raised bottom and at the 
top by means of a ring supporting a cross-piece. 
In the bottom there is a square opening, and also the 
cross-piece of the ring fitted at the top lias a similar 
opening. Through these openings a four-sided rod 
of wood is pushed which is fitted at both ctkIs with 
round turned handles. Alter the roller mould has 
been, arranged in this manner and placed in a vertical 
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position, the melted roller mass is poured in an even 
stream into the hollow ol the mould, so that no air 
bubbles form, and it is then left for a time until the 
glue mass is quite firm when the mould is opened, 
the now finished roller taken out and any seams 
taken off with a sharp knife. 

The four-sided rod which is surrounded by the 
glue cylinder serves as a support ; if after much use 
the roller is not to be employed any more, tlicn the 
ink attaching to the surface is removed, the glue 
mass taken from the wooden rod and again melted. 

The roller-mass should be of such a quality that it 
will easily absorb the ink from the plate on which 
it lias been distributed, and on rolling over letter 
type, copper, or lithographic plates, should impart it 
to these; if bhe ink smears, then it is a proof that 
the roller mass contains too much glycerine ; if the 
roller does not impart sufficient ink to the printing 
type or to the plate, then it contains too little 
glycerine. 

The same mass which is used for the manufacture 
of printing rollers can also be used for producing an 
elastic foundation lor the inks employed on hand 
presses in printing works for printing certain patterns, 
and in this case the glue mass is poured into plates 
a few centimetres thick. 

Hrctogbaph Blocks. 

The property of the glycerine glue mass bo absorb 
the ink from certain surfaces and impart it to others 
under light pressure has been known for sonic tinie 
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and made use of in printing works. If a printed 
piece of paper, which has just come froni the press 
and the ink on which is still quite damp, is placed on 
an elastic foundation, and a clean printing roller rolled 
over it lightly, then the roller absorbs part of the 
ink froiii the paper; if this roller is then passed over 
a sheet of paper which has been damped, and which 
also has an elastic foundation, it imparts to the 
paper the ink and a fairly clear impression is ob- 
tained. If rolled over it second, third, etc., sheet cf 
paper, further but increasingly fainter nnpressions 
are obtained from the roller. 

Owing to the capacity of the glycerine glue mass 
to absorb colours from a foundation and to transmit 
it to others, it has been successfully used for the 
copying of documents, and the instruments, with 
the help of which such copies have been made, 
have been called hectographs (hundred “copiers”), 
as they enable up to a hundred legible copies to be 
taken. 

That this should be possible is again owing to the 
wonderful quality of glycerine, and tlic ink with 
which the original matter to be manifolded is 
written must also contain glycerine, and the manu- 
facture of such inks will be described later. 

Tlic glycerine glue masses, used in the making of 
hectographs, are obtained in the manner already in- 
dicated, and in recipes given lor the making of hecto- 
graph blocks, it is often recommended to use the 
best gelatine. It is, however, quite superfluous to 
use very expensive gelatine, as with ordinary glue of 
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a good quality, for instance, so-called size, hectograph 
blocks can be inadc which, as regards copying 
capacity, are equally as satisfactory its those made 
with the application of gelatine. 

Hectograph blocks corresponding to all require- 
ments can, therefore, easily be iiiade by soaking the 
size in water, adding glycerine, and allowing the 
mass to solidify; the addition cf glycerine should be 
so proportioned that on cooling a product is obtained 
having the consistency of a very soft vulcanized 
rubber, and which on touching seems somewhat 
clammy. It size is employed the hectograph block 
obtained has an amber- or honey-yellow colour. 

These hectographs, before they are poured into the 
shallow metal vessels used for this purpose, should be 
warmed for some hours to such an extent that they 
just remain in a thin liquid state. During this pro- 
cess all the foreign substances contained in the glue, 
as well as those parts of the glue which only soften 
l)ut do not dissolve, settle at tlie bottom of the 
vessel and, by slowly pouring off, the solution can be 
sc[)aratcd from the sediment. 

As already mentioned, it is sufficient to impart to 
the glycerine glue such a consistency that it is 
similar to soft rubber, and it then depends only on the 
quality cf the ink with which the original is written, 
as to whether several or only a small number cf 
copies can be obtained. In general, however, it can 
be taken that a firmer and less elastic hectograph 
mass gives a' lesser number of copies, all cf which 
are very clear, whereas from a softer hectograph 
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mass (that is containing more glycerine) more copies 
can be taken, the last ones of which, however, show 
fainter outlines. 

According to certain prescriptions for the prepara- 
tion of hectograph masses, a powder-like substance 
of a white colour should be added to the glycerine 
glue in order to obtain a milk white mass, which 
shows up the writing more clearly. Such substances 
are, for example, finely ground heavy spar and 
zinc white: but there is not much object in this 
because it is not a question of reading the writing 
transmitted to the hectographs but oi reading the 
copies taken from it. 

Moreover, the addition of such substances has 
certain drawbacks as to the clearness of the copies. 
Under all circumstances the clearest and iiiost numer- 
ous impressions are obtained when the hectograph 
inass is composed of glycerine and glue only. We 
will now give some formulae for the making ol these 
hectograph, masses : — 



Simple Hectograph Blocks. 
A. 



Size . .100 g. 

Glycerine at 28" Beaurno . . 500 „ 

B. 

Size . . 100 ,, 

Glycerine at 28° Beaum6 . . 400 „ 

Water . 200 „ 
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Cheomociraph Masses 

are hectograph masses with additions of white 
substances which enable the writing to stand out 
more clearly, and also facilitate the washing away 
of the characters. Heavy spar must be used either 
in the form of the finest powder, or, still better, very 
finely divided barium sulphate should be used, which 
can be obtained by means of precipitation of a solu- 
tion of barium chloride with sulphuric acid and 
washing tlie deposit. 



A. 



Size . 

Barium sulphate (wet) 

Dextrin 

Glyccrino . 



. 100 g. 

0'5 1 . 



. 100 g 

. 1000-1200 



g- 



Dextrin and size are dissolved together, then the 
glycerine, and finally barium sulphate added, and the 
mass is poured into moulds, ff an insufficient 
number of copies results, or if the writing can only 
be washed off with difficulty, then a inass of the 
proper quality can be obtained by melting it again 
and adding glycerine. 



13 . 



■ lOOg. 

0-5 1 

1200 ff. 



Size 

Baryta precipitate 
Glycerine 
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C. 

The French Ministry for Public Works recom- 
mends the following : — 

Glue . . 1 0 0 $ 

Glycerine . . 500 ,, 

Finost powdered heavy spar or cleansed 



kaolin 
Water 



25 

375 



HECTOCrRAPH Masses Accokdin(^ to WotmiA. 



Gelatine 
Dextrin . 
Glycerine 
Barium sulphate 



100 g. 

100 „ 
1000 c.cm. 
80 g. 



Hectograph sheets which arc intended to be used 
only once can be obtained by pouring the liquid 
hectograph mass on to a smooth horizontally placed 
glass plate, and transferring it to porous paper 
before hardening, by pressing it and avoiding the 
formation of air bubbles. Paper and mass com- 
bine and can be drawn off, T’hc surface of these 
hectograph sheets is very smooth, and for this reason 
it is eminently suitable for the transmission of writ- 
ings, drawings, etc., with very fine lines. 




CHAPTER XII. 



GLYCERINE APPLIED TO THE MANUFACTURE OE 
INKS. 

1. PlECTO(ili.\PH InIC.S. 

In order to tistlie characters on the hectograph mass 
for subsetiuent removal, inks of suitable quality must 
be used. These must be so constituted that they can 
be taken by the paper from the hectograph mass and 
adhere firmly to the surface of the latter. The 
particles of the ink should be so fluid that they 
are able to pass from the absorbing block on to the 
paper laid on it. 

As the richest colouring matters are used for thc> 
production of hectograph inks, only a small portion 
of tho colour is absorbed by the paper, and by laying 
on fresh sheets ink is again absorbed, so that, as al- 
ready mentioned, hundreds of copies can be taken of 
an, original. Tho later copies are of course always 
fainter and fainter, till finally no more copie.s can Ixi 
taken, although the characters on the surface of tin; 
hectograph are still quite clear. As much of tlui 
writing has then been absorbed by the paper as is 
possible froin the hectograph block ; the attractiv(i 
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power exercised by the hectograph iliaSs On the ink 
is just as strong as that exercised by the paper, and, 
therefore, no further copies can be taken. 

In order to obtain good hectograph inli, two points 
must be taken into consideration — the colouring 
matter contained in the ink must be very intense 
and the inli should never altogether dry up as 
otherwise the mobility cf the particles is paralysed. 
Therefore, for the production of these inks the strong- 
est colouring matter is used; these are so-called 
aniline dyes (fuchsin, methyl violet, water-soluble blue, 
iodide green, etc.), in the form of concentrated solu- 
tions to which glycerine is added in order to prevent 
drying up of the inli. 

Glycerine incorporated with the hectograph ink 
not only serves to keep the characters soft, but also 
acts as a solvent for the colouring matter itself, be- 
cause only a few aniline colouring substances are 
directly soluble in water, but they easily dissolve in 
glycerine, particularly when it is warmed. 

Therefore, in the production of hectograph inks, 
the best method is to place the weighed-out colouring 
matter in a china mortar, pour over it the requisite 
amount of glycerine, and mix the colouring matter 
with the glycerine hy means of the pestle. After 
this has been done for some time, so that no grains 
are noticed in the mixture, the mortar is heated 
to 50“-60“ C. and thereby the colouring matter is 
brought into thorough solution, as warm glycerine 
dissolves far more of it. 

If aniline colouring matter soluble in water, for 
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instance water-soluble blue (alkali blue), is used, then 
to the thick solution of the dye in glycerine so much 
water is added that a liquid results, the consistency 
of which is similar to that of a thick ink, and then 
the hectograph ink is ready. 

]f an aniline dye, insoluble in water, is used, 
for instance niethyl violet, then the thick liquid 
solution in glycerine is diluted with water to the ex- 
tent that it becomes as thick as syrup, and so much 
alcohol is then added as is necessary to produce an 
ink rf suitable consistency. An excess ol alcohol 
should be avoided lor the reason that inks contain- 
ing too niuch alcohol thicken so much in the process 
of writing, owing to the volatility of the alcohol, that 
it is not possible to write fine characters with it. 

PRESCRIPTIONS FOR VARIOUS COLOUBEK HKOTOftBAPH 

Inks, 

Thin blue inks : — 

Water-soluble blue . lOg. 

Glycerine . 10 ,, 

Water . . so- 100 „ 

These are made by simply warming the substances and 
stirring. 

Violet hectograph ink : — 

A. 



Methyl violet . . 1 0 g. 

Diluted acetic acid . . 5 , , 

Strong alcohol . . 10 ,, 

Water . . 10 ,, 

Glycerine . . 5 , 
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Owing to the acetic acid it contains, this ink spoils 
steel nibs and soon makes them hlunt; a more 
suitable recipe for violet ink is the following : — 



B. 



Methyl violet 


■ 10 g. 


Alcohol 


. 10 


Gum 


. 10 „ 


Glycerine 


15 


Water , 


. 70 


All the ingredients are placed in 


1 long-necked 


glass flask, constantly shaken and warmed for two 
hours up to about 60" C., and then left to cool. After 


standing for some time the solution 
from the sediment. 


is poured off 


Bed hectograph ink : — 




Diamond fuchsin . 


. 10 g. 


Alcohol . 


. 10 „ 


Acetic acid . 


■ 2’5„ 


Glycerine 


. 10 „ 


Water . 


. 70 „ 


The inethod of preparation is the same as in the 


case of the violet ink B. 




Another recipe is as follows : — 




Diamond fnchsiii . 


. log. 


Alcohol . 


. 10 „ 


Glycerine 


. 10 „ 


Water . 


■ 50 „ 


This prescription in particular results in inks which 
give a large number of clear impressions. 


Green fiectograph inli is produced 


in the same 
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manner as the other inks described, by adding water- 


soluble blue and picric acid to a 
alcohol, water, and glycerine. 


liquid composed of 


Green hectograph ink : — 




Water-soluble blue 


. 10 g. 


Picric acid 


. 10 „ 


Alcohol (90 per cent) 
Glycerine 


■ 30 „ 
. 10 „ 


Water . 


. 30 „ 


According to whether more 


or less picric acid 


is used, a lighter or darker green 


IS obtained. 


Black hectograph ink : — 




Nigrosin or aniline black is insoluble in water. In 
order to produce a black hectograph ink, methyl 
violet and nigrosin are mixed and then treated with 
alcohol and glycerine, A prescription which is re- 


commended is as follows : — 




Methyl violet 


. 10 g. 


Nigrosin 


■ 20 „ 


Alcohol . 


. 60 ,, 


Glycerine 


. 30 ,, 


Gum 


■ 5 ,, 


According to Buchhaister, black hectograph ink 


can be prepared in the following 


manner : — 


Nigrosin 


■ 15 g. 


Methylated spirits . 


. 40 „ 


Glycerine 


. 100 „ 


Acetic acid 


. 5 „ 


Water 


. 500 „ 



The Hochster dye works recommend the follow- 
ing dyes for the preparation, of hectograph inks : — 



162 



GLYCERIN K 



For violet inks . Methyl violet and crystal violet 
For green inks , Brilliant green and malachite green 
For red inks . Fuchsin 
For yellow inks . Auiamin 

2. Copying- Inks. 

Copying inks are those inks which allow at least 
one very clear copy to he taken of tlic document 
written with them ; these inks are mostly used in 
: . business, in those cases where only one copy of tlic 

I document is needed. 

The preparation of copying inks has been looked 
j upon as very difficult of accomplishment ; at the pre- 

j sent moment, however, such successful attempts have 

I been made that in a short time practically every 

I ink can be transformed into a copying ink. A 

I good copying ink should possess the property of drying 

j slowly and when, after a time, a damp and porous 

I sheet cf paper is placed on tlic document, should so 

i soften again that part of the ink is absorbed by the 

I paper. 

Formerly, copying inks were made by mixing with 
the ink, extract of logwood and grape sugar, two 
substances with very strong water-attracting qual- 
I ities. This hygroscopic quality prevented entire 

I drying of the characters, and therefore after a time 

‘ a good copy of the writing could be talien. 

j By the application cf glycerine, the production of 

j good copying inks has been rendered a very simple 

( matter, and every ink by the addition of glycerine 
can at once be turned into copying ink. The amount 
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of glycerine to be used depends on the quality of 
the ink itself and on the length of time the ink is 
required to remain capable of copying. 

The more glycerine added to an ink the longer 
will the docuiiientsi remain damp, and the copying 
capacity is of longer duration. In order quickly to 
determine the requisite amount of glycerine lor a 
particular ink, it is advisable to divide the ink into 
several equal parts — about a teaspoonful — the first 
part should be mixed with 6, the second with 10, 
the third with 14 drops of glycerine, etc. With 
each rf these samples a line should be written on 
the same piece of paper, and then after a time a copy 
should be taken of this sheet of paper. The sample 
which results in the best copy is prepared in the 
right proportion, and then the whole mass can be 
mixed with the equivalent quantity of glycerine. 



GijYceiuni’, Coidtnct Ink, 



Logwood extract 


■ 100 g. 


Sulphate of iron 


■X j , 


Potassium chromate 


1 „ 


Indigo carmine 


8 „ 


Glycerine 


10 „ 


Water 


500 „ 



This excellent copying ink may be prepared by 
dissolving the logwood extract at the same time 
with the sulphate of iron and potassium chromate 
in water, and mixing with the solution the gly- 
cerine and indigo carmine. Glycerine, itself a liquid. 
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has only a slightly thickening effect on the ink ; this 
differs, therefore, advantageously from other inks in 
that very fine characters can be written with it, as 
it is sufficiently thin. In spite of this quality, 
copies can frequently he taken, as it penetrates 
very deep into the paper and remains damp for 
some lime. 



Copying Ink According to B6ttger 



Bottger’s composition for a copying ink is given 
as follows ; — 



Logwood extract 



Soda 

Potassium chromate 

Glycerine 

Gum 

Water 



64 g. 
16 
2 „ 
64 ,, 
16 , 
270 „ 



The logwood extract is dissolved at the same time 
as the soda in water, glycerine and gum are added 
and, finally, potassium chromate, dissolved in a very 
little water (hot), is added to the liquid and stirred, 
and it can at once he taken into use. 

This copying ink is of such a capacity that we 
were able without using a press to take three copies 
of the original document simply hy pressure of the 
hand; in the copying press, that is under strong 
pressure, another two good copies were obtained. 
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Extract of Logwood . 70 g. 

Vinegar . . 1kg. 

Water . 1 „ 

Sulphate of iron . . 40 g. 

Alum . 20 ,, 

Gum , . 3'> ,, 

Sugar . . 60 ,, 

Glycerine . . 4-6 „ 



Logwood copying ink according to Biichhaister : — 

50 parts of logwood extract 
6 ,, oxalic acid 

35 „ alum, dissolved in 

1000 „ water (cold) and 

10 ,, glycerine are added. 

It is Iclt to settle, boiled, and 00 parts of pyroxylic 
acid are added, and it is again clarified by settling. 



Birmingham CopyinCt Ink, 



Solution of logwood extract . 


. 650 g. 


Dextrin 


■ 30 „ 


Alum 


. 33 „ 


Verdigris 


. 0-25 „ 


Oxahc acid . 


2 „ 


Glycerine 


■ 7-21 „ 


The addition of glycerine is 


increased if the 


to be used for copying after some time. 


Allpiuld’s Copying Ink. 


For copying without the use c 


)f a copying press 



Ten volumes of ordinary ink should be evaporated to 
sis volumes and then over lour volumes ol glycerine 
should be added. By merely placing the copy paper 
thereon, the writing is copied, but very easily smears. 




CHAPTEE_^XIII. 

GLYCERIN H AS A SOLVENT. 

The property of glycerine easily to dissolve a large 
number of substances which are only dissolved with 
difficulty otherwise, renders the application of glycer- 
ine of great use in many trades. As has already 
been iiientioned, when describing the qualities of 
glycerine, it possesses the property of dissolving 
easily so-called aniline dyes, which are mostly only 
soluble in strong alcohol, and this property finds 
extensive application in dye works as well as in 
printing works. 

If, for instance, in printing works aniline dyes are 
to be used which are only dissolved in alcohol, certain 
difficulties, which are due to the volatility cf the 
solvent, must be overcome, as owing to the volatility 
of alcohol the colour easily thickens, and then darker 
shades result than were originally intended. 

This drawback can immediately be remedied, by 
substituting glycerine for the alcohol as the solvent cf 
the aniline dye. In order to dissolve the colouring 
matter, first cf all a siiiall amount of glycerine should 
he poured over it in order to prevent the finely 
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divided dye scattering as dust, so unpleasant in the 
case of very deep dyes, and the dye should he mixed 
with the glycerine to an even paste. This should be 
stirred constantly and as much glycerine added as is 
necessary to effect the solution, and then this solution 
can hy stirring be intimately mixed with the thick- 
ening substance whether dextrin, gum solution, 
tragacanth mucilage, etc., which is used for the pro- 
duction of the colour, and a printing colour results 
which in addition to the advantage of remaining the 
same on drying, neither dries nor crumbles, and en- 
ables the printing rf the particular dye on the tissue 
io be accomplished with great facility. 

Prescriptions in connection with colour printing, 
consisting of dissolved aniline dyes, are very nu- 
merous and vary according to the shade of colour one 
wishes to obtain. An example of aniline pink is 
the following : — 



Fuchsin 




0T2 kg. 


Glycerine 




■ I'OO „ 


Witer 




1.00 „ 


Guinmi arabicuin . 




. 0-84 „ 




n. 




Albumin 




3.50 kg. 


Water . 




3'50 „ 



In dyeing works in which either yarns or already 
finished textures are to be dyed with aniline dyes, 
the dye is brought into solution by boiling with 
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alcohol, and these solutions are used for dyeing in 
suitable dilution. 

Glycebine foe the Extraction of Perfumes. 

A very important application cf glycerine is in 
obtaining certain substances used in perfumery ; 
the iiiost important ingredients in perfumery are, as 
is well known, the essential oils lound in sweet- 
smelling plants. The quantities of ethereal oils 
found in plants are so small in the case ol the most 
valuable, and the separation of them accompanied 
with so many difficulties, that these oils belong to 
the inost expensive substances known. Although 
certain plants containing these ethereal oils are ex- 
tensively cultivated in certain districts (for instance 
in the south of Prance, in tlie surroundings of Cannes, 
Nice, etc.), the demand for genuine ethereal oils 
(violet, mignonette oil, orange flower oil, acacia 
larnesiana oil, etc.) obtained from flowers is so great 
that the exceedingly high prices which are asked for 
these oils are still rising. 

Glycerine is an excellent means of obtaining 
sweet-smelling substances from blossoms cf the most 
varied kinds, and particular stress should here be laid 
on the fact that glycerine is eminently adapted for 
the extraction of all sweet-smelling substances from 
parts of plants whether flowers, roots, wood, or fruit 
peels, because it is a, solvent lor all these perfumes. 

The method used for the extraction of perfumes 
from flowers by nieans of glycerine coiisists in the 
following : — 
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The blossoms are collected in a fresh condition, and 
any green, leaf-like parts removed as far as possible ; 
they are then placed in a vessel and concentrated 
glycerine is poured over them. With regard to the 
kind of glycerine to be used lor this purpose, the 
greatest attention must be paid to the tact that only 
such glycerine is used which on careful examination 
is proved to be absolutely free from any odour. 

The kind of vessels used lor this extraction pro- 
cess by means of glycerine depends upon the scale 
of the work ; on a small scale, pot-shaped vessels of 
good stoneware are used, and for the treatment of 
large quantities of flowers, wooden vats of corre- 
sponding size, the interior of which lias been coated 
with paraffin, arc used. 

The paraffining of tho wooden vessels is accom- 
plished in tho following manner : After Hie vessel lias 
stood for some days in a dry room, the interior is 
coated with melted paraffin which has been heated 
to 150" C., and this coating is repeated lor so long as 
the wood will still absorl) paraffin. By this means 
the wood is protected against the: penetration of any 
liquids, and vessels treated in this manner enn easily 
be cleaned by wasliing and brushing with warm 
water. 

It should be observed m this connection tliat when 
it is a question of paraffining wooden vessels for the 
purpose under discussion, great care should lie taken 
that only an absolutely pure and, in particular, 
odourless paraffin is used for impregnation as, other- 
wise, the smell attaching to inferior paraffin may be 
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imparted to the wood. The flowers in the vessel 
are covered with wooden covers pierced with holes ; 
these are lightly weighed down with a stone, and so 
much glycerine poured into the vessel until it rises 
a few centimetres above the cover. As tire flowers 
contain a good deal of water, tlic glycerine is sti'ongly 
diluted hy tlie water absorbed from these flowers, 
and tire vegetable substance contracts. 

This placing of fresh flowers into the vessel con- 
tinues for as long as there is a supply of them ; on 
adding fresh lots the wooden cover is removed, and 
the fresh flowers are evenly distributed on those 
alresdy in the vessel, the cover is replaced again, 
and so much glycerine added until again it stands 
some centimetres above the cover. 

When the vessel is full, it can remain standing 
until the further work is proceeded with, the portions 
of the plant being perfectly preserved by the glycerine 
and decomposition is not likely to set in. The time 
necessary for complete extraction of the sweet-smell- 
ing substances froin the flowers by means of gly- 
cerine amounts to a few days, and, accordingly, a 
week after the last lot of fresh flowers has been 
placed in the vessel, tlie glycerine can be treated. 

To this end, a wooden cock fixed ai; the bottom of 
the vat is opened and reniains open for as long as 
glycerine flows out ; if stoneware vessels are being 
used, these are turned upside clown and the gly- 
cerine trickles out. This glycerine smells very strongly 
(f the plant substance which was soaked in the vessel, 
and is also dyed with the colouring niatter absorbed 
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from the flowers, and carries away with it small 
particles of the petals, etc. 

In order to obtain a clear solution, this glycetine 
which flows out of the vessels is filtered through a 
thickly woven cloth into the vessel destined for its 
reception. The particles remaining in the extraction 
vessels contain considerable quantities of glycerine 
which can be obtained by pressure. To this end 
the pap-like mass is poured into a sack of very 
strong and thick texture, it is tightly tied, and thor- 
oughly pressed in a powerful spindle press. The 
liquid which is pressed out of these sacks is as a rule 
more deeply dyed than that which flows out volun- 
tarily and is also filtered. 

On filtering the glycerine containing these perfumes 
in solution, care must be taken that the work pro- 
ceeds as rapidly as possible, as the air has m injurious 
effect on the aroma of the essential oils ; therefore, 
once the work is commenced it should be carried 
through without interruption to the end. 

The clear solution of these extracted substances in 
glycerine can then at once be used for the production 
of certain articles of perfumery ; if, for instance, a 
suitable quantity thereof is mixed with a thoroughly 
neutral fat, a pomade is at once obtained which has 
the odour of the treated flowers in all their freshness ; 
if soap, which has been cut into shavings, is mixed 
with this glycerine, and this mixture is milled by 
means of the well-known mixing apparatus, the re- 
sult of this simple work is that some of the finest 
toilet soaps with exquisite aroma are obtained. 
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By a careful addition of water to this perfume 
solution in glycerine, the former can be diluted to a 
certain extent, without the liquid losing anything of 
its clearness ; but if this addition of water goes be- 
yond a certain extent the liquid commences to opalesce 
and on adding more water becomes sometimes quite 
muddy ; the essential oils and other substances which 
are extracted from the flowers are only soluble in a 
liquid which contains a certain quantity of glycerine, 
aiid are therefore separated when too much water is 
added. 

Solutions of aromatic 'substances in glycerine, 
diluted with water to a point approaching that at 
which turbidity sets in, still retain the fresh smell of 
the flowers and can be used for very fine toilet 
washing water. In order to proceed further with 
the dilution than is possible with, water alone, as 
soon as the turbidity point is reached, strongly diluted 
methylated spirits at 10-15 per cent, which niust be 
free from fusel oil, is added and this prevents 
separation of the essential oils. 

Rut in many cases it is a question of obtaining 
these aromatic substances in an absolutely pure state, 
and in this connection the glycerine solutions are 
treated in the following manner : — 

The glycerine which has been drawn, off from the 
flowers nnd filtered is placed in large glass bottles, 
closed with corks which are most carefully fitted into 
the necks cf the bottles. Before the glycerine is 
placed in these bottles, so much pure benzol is placed 
in them until they are filled with it to about one 
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quarter of their volume and then so much 
is poured in until they are three quarters lillt'd. It 
is of importance that the benzol should be poui'od in 
the bottles before the glycerine so that these hoti.hi.s 
should be filled with the vapour of the btvnzol, anil 
on adding the glycerine the greater part of the aii' 
which was contained in the bottle is forcod mii. by 
the benzol. 

After the bottles have been closed, they iU'o well 
shaken, so that the glycerine mixes with the benzol, 
and this shaking is repeated daily several tiine.s. 
After several days the greater part of tho aroma-tic 
substance has been dissolved in the benzol wbidi 
floats on the glycerine (insoluble in be.nz;ol) ; the 
glycerine, however, obstinately retains pni-t of the 
aromatic substances, which cannot be extriud-od oven 
by repeated treatment with benzol. 

The solution of aromatic substances in benzol 
is separated by pouring off from the glycori ru), pla-cing 
it in a distilling apparatus, and heating to tlu', boiling- 
point of the benzol, when the latter distils ovei- a, ml 
the aromatic substances remain in the distilling 
apparatus. They still contain traces of bianzol ami 
these are removed by introducing a streain of ea-r- 
bonic acid divided into very fine jets, which carries 
away the traces of benzol in the form of vapour ami 
leaves the aromatic substances quite pure. 

In this manner aromatic substances can be ob- 
tained from hyacinths, violets, lilies of the valley u-ml 
certain sweet-smelling orchids of oxir woods, 'mignon- 
ette, roses, etc., in short, the most exquisite am- 
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matic substances of the plant world can be obtained, 
and for this reason glycerine deserves the consideration 
of all those interested in the production of perfumes 
and particularly in obtaining essential oils froin fresh 
flowers. It is a fact, however, that this process 
which, under certain circumstances, is so highly to be 
recommended, is hardly resorted to at all in practice. 

GlYC-EKINU used in the PlUa'A.HATTON OE 
Cosmetics. 

Ainong the numerous preparations sold to the public 
under the name of “ beautifiers ” or cosinetics by per- 
fumery manufacturers, glycerine ranks as one of the 
first, as, if properly applied, it possesses tlic quality of 
imparting to the skin brilliance, softness, and delicate 
colour. 

The proper method of application of glycerine in 
connection with the care of the skin is not in a con- 
centrated forin, but diluted with a suitable quantity 
of water. IF concentrated glycerine is brought in 
contact with parts of the body which arc covered 
with delicate skin — for instance, the lips or finger- 
tips, there is immediately a strong sensation of 
warmth due to absorption by glycerine cf the water 
in the skin. 

By the sudden absorption of this water, the skin is 
easily injured, the soft cells forming the tissue of the 
lip skin arc killed, they shrink and peel off as soon as 
a fresh layer of skin is formed underneath. As, 
therefore, by the application of concentrated gly- 
cerine the skin is not preserved but so to say 
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“ killed,” this preparation should always be diluted 
with water before application. 

Most astonishing is the action of glycerine on a 
skin which has been strongly tanned l)y the sun ; 
whereas it would otherwise take several weeks before 
a skin tanned l)y the sun is Ideiiched again, the appli- 
cation of glycerine bleaches it in a Sew days. 

The action of glycerine in most cases is easily 
e.xplained by its wonderful sidvent action on tire 
most varied substances. This tanning of the skin by 
the rays rf the sun is to bo ascribed to a deposit of 
colouring matter in certain cells of the skin. If 
glycerine is rubbed into the skin, it penetrates very 
deep into the tissues and dissolves the colouring 
matter ; by subsequent washing, the glycerine ab- 
sorbed by the skin is removed for the greater part, 
and at the same time the dissolved colouring matter 
is washed away, so that in a short time the skin is 
bleached again. 

Glycerine for cosmetic purposes can be prepared 
in various manners and made aromatic by mixing it, 
lor instance, with orange-flower water, or with water 
and eau de Cologne, etc. ; or also by mixing glycerine 
with aromatic flowers in the same way as has been 
described in the preceding section. All those addi- 
tions are of no cosmetic value, this is to be attributed 
to glycerine alone : aromatic substances merely 
render the application of glycerine more pleasant. 

As glycerine removes the colouring matter due to 
the action of the sun’s rays, so it can also remedy 
certain blemishes of the skin which arc also due to 
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deposits of colouring matter, as, for instance, moles 
and freckles, and if it does not remove them alto- 
gether, at any rate they are diminished, as glycerine is 
a solvent for these colouring matters. 

An already clear and delicate skin is enhanced 
both as to freshness and smoothness hy tlic applica- 
tion of glycerine, a phenomenon which can be 
explained hy the fact that the cells of the outer skin 
attain a higher degree of transparency owing to the 
action of the glycerine, and the faint pink of those 
parts under the upper skin is made more distinct. 

For the softening ol and rapid removal of horny 
substances m the skin, such as, for instance, are 
formed on hands owing to some unusual work, gly- 
cerine is eminently suitable, as after repeated rubbing 
of these thick horny cells ol which these disfigure- 
ments are formed, much glycerine is absorbed, and 
consequently they becoine so soft that by scraping 
them with a. file made cf sharks' skin or with a 
blunt linife, the greater part of this horny substance 
can be removed. 

Diluted glycerine is excellent for the hair and skin. 
Some people complain a great deal of dandruff, which 
is to be attributed to the dying of the upper layer of 
the skin. By washing the head with diluted glycerine 
this drawback is remedied in tho case of many 
people, as owing to the water-attracting and softening 
action of glycerine, this peeling off of the upper skin 
is prevented. 

We now give it number of prescriptions for the 
preparation of various articles of toilet in which 
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glycerine plays an important role. Readers who 
niay care to interest theinselves further in the sub- 
ject should read the work on “Cosmetics” hy T. 
Koller, published by Scott, Greenwood, & Son, 
London. 



Glycerine Emulsions. 
A. Glycerine Creams : — 



Glycerine 


. 250 g. 


Almond oil . 


. 400 „ 


Rose-water , 


. 350 „ 


Spermaceti . 


. 100„ 


Rose oil 


4„ 


Wax . 


. 32 „ 



Wax and spermaceti are melted at a gentle heat, 
first of all the almond oil is added, then the glycerine 
mixed with the rose-water, and finally rose oil, which 
can be replaced by some other sweet-smelling oil or 
compound perfume. T the preparation is to be used 
in the summer, it is as well to increase the wax by 
half, for this imparts more consistency to the whole 
mass. 

B. Glycerine jelly : — 



Glycerine . 


■ 1kg. 


Almond oil 


- 3 ,, 


Soap . 


. 150 g. 


Orange oil 


. 10 „ 


Oil of thyme 


. 20 „ 



Soap is mixed with glycerine, then gradually the 
oil and finally tlic aromatic substances are added. 
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Eemedy foe Beittleness of the Hair. 



Glycerine 

Water 

Rose-water 

Colour pale red with cochineal. 



2 g. 
1 1 . 
1 „ 



EaLodeum. 



Wheat flour 
Almond paste 
Orris root . 
Essence cf rose 
Glycerine 



a 

0.5 

0-5 

0-5 

0-2 




JJ 
} > 
1 . 



1J 



are mixed to a paste, diluted with water, and then 
applied to the skin. 

Pdte au Muse (for a hand wash) : — »•' 



Powdered white soap 


> 1 kg. 


Orris root 


. 0-25 „ 


Starch meal 


t . 0.25 „ 


Oil (f lemon 


■ 20 „ 


Neroli oil 


. 10 „ 
. 0'05 1. 


Essence of musk 


Glycerine 


. 0-40 „ 


Boil until it forms an 


even paste, then fill into flat 


porcelain jars. 

Eau glycerirde aux 


;antharid(‘.s (glycerine can- 



tharides water) ; 



Ammonia pur a liqtiida . . . lOOg. 

Tincture of cantherides . . 100 ,, 

Rosemary water . .8 1. 

Glycerine . . 300 g. 

Rose oil . . 20 „ 




GLYCERINK AS A SOLVENT 



175 . 



The tincture of cantharides is prepared by di- 
gesting 50 g. of powdered Spanish fly (Lytta- 
vessicatoria) with 1 1. of strong alcohol. The caustic 
ammonia has the same cleaning and degreasing ac- 
tion as potassiuiii carbonate ; glycerine imparts to the 
hair softness and suppleness. The whole composi- 
tion is very well combined, inasmnch as it has a 
cleansing effect on tho hair and at the same time 
imparts softness. 

Preparations which have been in use for years are 
glycerine jellies. These have the advantage over 
lanoline that they are niore economical, but on the 
other hand possess the drawback of not being so 
quickly absorbed. Either tubes or glasses are filled 
with these preparations ; in any case the latter are 
preferred as they are more easy to manipulate. 

A good prescription for these glycerine jellies is as 
follows : — 

Tinest white tragacaiith powder . 50 g. damped with 

Alcohol . . lOO ,, and 

Glycerine . 200 ,) 

and thoroughly shaken ; then quickly mixed with 
(150 g. of water (warmed and distilled) and again 
shaken. Immediately a transparent jelly is formed 
which can at; once be bottled. 

Glyoetunh Cuham s . 

A. Glycerine cream 
Almond oil 
Wax . 

Spermaceti . 



1 kg. 
70 g. 
70 „ 
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Glycerine Creams — ( cont .) 



Glyoerine 


. 200 g. 


Bergamot oil 


. 20 „ 


Lemon oil . 


20 ,, 


Geranium oil 


. 20 „ 


Neroli oil 


. 10 „ 


Cinnamon oil 


. 10 „ 


Rose-water . 


, o00„ 


. Glycerine cold cream ; — 


Almond oil 


1 kg. 


Wax . 


■ 130 g. 


Spermaceti 


. 130 „ 


Glycerine . 


. 250 „ 


Rosa oil 


. 10 , 


Civet 


. 2 „ 



Preparation of PIair Petroleum;. 



For the preparation cf hair petroleum the follow- 
ing prescription is given : — 



Best petroleum (American Kaiser oil) . 6 

Tincture of nettles (obtained from 2 Itg. 
of nettle root, 7 kg. cf alcohol, and 3 



kg. of distilled water) . . 10 

Glycerine . . 6 

Alcohol . . 

Distilled water . . 40 



kg- 



>7 



Essential oil for perfuming . . 2 j> 



The petroleniii which has previouHsly been per- 
fumed is niixed with alcohol at 96 per cent, and both 
are heated almost to boiling temperature in order to 
obtain thorough mixing end solution. After this, 
distilled water is added to the solution and the 




GLYCKRINK AS A SOLVENT 



181 



remaining ingredients are added in the proper 
order. 

Hair petroleum effects the solution cf the fatty 
substances of tho hair, and also loosens the thrown- 
off epidermis in the form, of dandruff, and imparts to 
the hair brilliance and suppleness. 



CHAPTEE XIV 

VARIOUS APPLICATIONS OK (JLYCKl.UNL. 

Glycerine used in ti-ik Manueactuuh oi' Boai'. 

Soaps which are prepared accordiiifi; to tlus old pro- 
cess contain only very little pdycerino ; the manul'ac- 
ture of these soaps (curd soaps) is acconiplished l>y 
saponifying the fat with lye previously ohtaiiuid from 
wood ashes (potash lye), and the soap so formed is 
by the addition of cooking salt transformed into soda 
soap, and this, by adding an excess of cooking salt, is 
separated (salted out). 

In this method of manufacture nearly all the gly- 
cerine which results from the decomposition of the 
fat goes into the lye underneath, and evcm now is 
often thrown away and not used, d’hese soafis 
which in stearic acid manufactories iire obtained by 
saponification of the olcic acid witli soda lye contain 
no glycerine on account of tiu'. method of pre.pani,- 
tion. 

Since soap has been made by direct saponifica- 
tion of fat with concentrated soda lye, it has been 
possible to impart to it, in spite of the liigh contents 
of water, a sufficient degree of hardness, and tliorel'oro 
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the whole salting out process can be dispensed with, 
hy boiling the soap in the vessel for so long until a 
sample on cooling shows sufficient consistency. 

Soaps made in this manner contain the total 
amount of glycerine in the fat originally used, and, 
therefore, have a beautifying effect on the skin, be- 
cause the glycerine contained in the soap easily 
penetrates into the tissue cf the skin arid imparts to it 
softness and suppleness. 

ff to an ordinary soap (tallow curd soap) glycerine 
is added anti the soap melted with this, the result is 
a product, which, as regards suitability for toilet pur- 
poses, has a distinct advantage over ordinary curd 
soaps. A certain quantity of glycerine in a soap 
renders it easily soluble in water and hereby causes 
a good lather, and, furthermore, imparts to the soap 
a nice transparent appearance. 

As is already known, glycerine soaps can now 
be obtained quite cheaply, they are quite transparent, 
and look almost like yellow glass, and also have the 
quality of making a good lather. 

Before glycerine was applied in soap-making, 
transparent soaps could only be obtained hy dissolv- 
ing perfectly dry soaps in alcohol, and tho alcohol 
was then distilled from the soap. These soaps were 
certainly very transparent, but on account of the 
small percentage of water contained, were only dis- 
solved with difficulty and, therefore, hardly suitable 
for toilet purposes, and moreover — owing to the 
troublesome preparation — could only be obtained at 
fairly high prices, 
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Xow hardly any transparent soaps arc made in 
this manner, but for this purpose glycerine is ex- 
clusively used, which also possesses the advantage 
that by dissolving the colouring niatter in the gly- 
cerine it imparts nice colours to the transparent 
soap. 

If to heated glycerine, which has been diluted with 
about one third of its voluiiie rf water, as much finely 
cut soap is added as can be dissolved therein, without 
the niass on cooling becoining hard, a, product is the 
result which in the trade is known under the name 
cf “Liquid Glycerine Soap” or “Glycerine Cream” 
and, coloured and scented in various manners, forms 
a very valuable toilet adjunct. 

F in the process of soap making pure glycerine 
is replaced by a glycerine which contains different 
medicinal substances in solution, then in this manner 
soaps can be obtained which can be designated as 
cosmetic-medicinal soaps as they beautify the skin 
and also act medicinally. 

The solvent action of glycerine on scents and 
colouring matters can be made use cf by dissolving 
these substances in suitable quantities in the glycer- 
ine, and merely combining this solution with soap. 
In order, however, to obtain the better quality 
glycerine soaps, there is a special process, and this is 
carried out either by adding end stirring the appro- 
priate quantity of glycerine and sugar solution into the 
soap after it bas been boiled and then letting it cool 
in moulds, or by melting ready-made soap and adding 
glycerine, or, finally, by preparing a solution of 
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soap in alcohol, mixing this with glycerine, and then 
distilling olf alcohol. 

According to the first process, soaps cf alabaster- 
like appearance can be obtained; if the second 
method is resorted to, soaps are made the trans- 
parency of which is similarto that of a dimmed glass ; 
with the latter, however, and the exercise cf care, 
such soaps can be made which are perlectly trans- 
parent, and if no colouring matter is added they have 
the appearance of yellow glass. 

It is anfortunately impossible to discuss in detail 
in this work, which is dedicated to the application 
and properties cf glycerine, the very extensive and 
important application of glycerine to toilet soap manu- 
facture. Those who are interested in this subject 
and would like further details should read the 
work on “ Soaps” by G. H. Hurst, published 
by Scott, Greenwood & Son, London. Here we can 
only give a few indications as to the production of 
glycerine soaps. 

r it is intended to make glycerine soaps by direct 
saponification — crutching — then the fillingsubstances, 
glycerine and sugar, should be added to the soap 
mass immediately after saponification. 

The production of soap by direct stirring with 
glycerine has been modified, in such a manner that 
a soap is obtained which is filled, coloured, and scented 
and further has a very high degree of transparency. 
The process used is the following : — 
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Eelined tallow. . . 80 kg. 

Coconut oil . . 40 ,, 

Hog's lard . . 80 „ 

Soda lye 40° B4 . . 90 ,, 

Potash lye 40'B& . . 10 ,, 

Glycerine 28° B6 . . 20 , , 



The boiler in which the production of the soap 
takes places is generally a fairly shallow one and pro- 
vided with a stirring device. Above the pan there 
is a cask containing the lye ; through a glass pipe 
which by means of a rubber tube is fastened to the 
cock of the cask, the lye can gradually be admitted 
to the contents of the pan. The glycerine is in a 
lead vessel which stands rather high and which also 
must be supplied with a cock and glass pipe. 

For the production of fine coloured and highly 
transparent soaps, it is absolutely necessary to use 
very pure raw niaterials ; in the case under discussion 
it is strongly recommended to use the lye obtained 
by means of lime, not that prepared from wood ashes 
but that froin potash, as lye obtained from wood ashes 
is generally of a fairly dark colour. Skill is needed 
in dissolving the potash; generally one and a hall' 
times its weight in water is poured over it, and for 
this purpose very cold water is used. In this the 
potassium carbonate only is principally dissolved, as 
the foreign salts remain undissolved. The solution 
is separated from the deposit, diluted sufficiently with 
water, and rendered caustic with linie. 

Before proceeding to the real saponification the 
mixed lyes are placed in the cask and the gljyceripe 
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in its receiver. The colouring matters to be used 
are at once dissolved in the glycerine (for the case 
in question soluble colouring matter must be used, as 
by using non-soluble colouring matter the soaps will 
not be transparent), and to the glycerine is added 
the aromatic substance for scenting the soap. 

In order that the misture of the solution of 
colouring matter and aromatic substances with the 
glycerine should be thorough, part of the glycerine 
is placed in a china bowl, heated up to about 60 °- 
ftO’ C. and the colouring matter (fuchsine red, methyl 
violet, iodide green, etc.) in solid form is added ; 
by stirring with a pestle it is spr. ad through the 
liquid, and solution follows in a very short time. 
After the glycerine has cooled again, the aromatic 
substances are added, and the liquid poured into the 
glycerine receiver. The dish is rinsed out with 
glycerine and the solution in the glycerine receiver 
is stirred with a glass rod and mixed with the 
remaining glycerine. 

Then so much lye is placed in the pan that it 
stands about a hand high, and it is heated to about 
LOO' C., when the fat is added, and by the movement 
of the stirring device it melts on the hot liquid. 
When all the fat is melted, all the lye is poured in in 
a thin stream and constantly stirred, and this heating 
and stirring ore continued for so long until the soap 
shows the requisite quality. If too thick, owing to 
strong evaporation of the water, this can be remedied 
by adding and stirring in the necessary quantity of 
hot water. 
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The soap still under the process ofstirrinf:! is allowed 
to cool as much as possible without it tliickening, 
and then the glycerine, that is the solution of colour- 
ing matter and perfume inglyceriiic, is, slowly poured 
in and mixed with the soap by constant stirring. 
The whole work is easy of accomplishiuent, if care is 
taken that the stirring apparatus moves easily and is 
in good working order, as otherwise cou-stant stiri’ing 
is certainly a very tiring process. 

The soap, now finished, is placed in cake moulds 
and in these left to cool slowly. The longer tlus cool- 
ing takes place the more transparent will the soap 
be; as these soaps contain dissolved substances only, 
there is no reason to fear separation of tlic colouring 
matter, and the finished cake of soap has an even 
appearance. 

F glycerine soap is to be made by remelting, first 
of all water is placed in the pan, this is heated, the 
pieces of soap are added, mixed by stirring with the 
water, and as regards the addition of glycerine, colour- 
ing, and aromatic substances, the same process is 
followed as above described. 

PbODUCTION of TeANSI’ARENT GlYCI'MUN.H SoAI’S. 

Ordinary soaps are not transparent, or only faintly 
so, as the sodium salts cf the fatty acids are present 
in' a crystallized state, and the crystals reflect tire 
light in different directions. Snow which consists of 
colourless ice crystals appears white and non-trans- 
parent as the surfaces of the crystals reflect the light 
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in all directions. Just the same thing occurs with 
soap crystals. 

Snow sodden in water is very transparent be- 
cause the water in the spaces between the crystals 
alter the light refracting conditions. ff to a soap 
light refracting glycerine is added, something similar 
takes place as when soaking snow in water, and the 
result is that glycerine soaps have a very transparent 
appearance. 

Perfectly transparent glass-like soap can only be 
obtained if the soap is not crystallized but amorphous, 
and this can only be obtained by adding to the soap 
methylated spirits, glycerine, and sugar. 

As soaps made in this manner are very hard and 
also require a long time to dissolve in water and 
make a lather, it is advisable from the outset to use a 
softer soap. If, however, transparent soaps are filled 
with glycerine as is now almost always the case, 
and large quantities of glycerine used, then this cir- 
cumstance is less significant, as glycerine already 
makes the soap softer and, being itself a substance 
easily dissolved in water, increases the solubility 
cf the soap. 

The soap is cut into shavings by a planing ma- 
chine ; in this case, however, it is necessary to use 
a mill which gives very fine shavings, not thicker 
than a sheet cf writing paper. These shavings are 
spread out in thin layers on linen stretched out on a 
frame and then thoroughly dried in a drying room 
The drying process must continue until the shavings 
crumble to dust on, being pressed between the fingers. 
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which can he taken as a proof that tlic soap ik ah- 
solutely free from water. 

The dry shavings are then taken from tlio drying- 
room and placed in the retort of a distilling apparatus, 
the head of the latter is fixed on and 0() per cc.iit 
alcohol poured into the retort. Tlic stirring dovicio 
of the distilling appsratus is set in motion, and the 
contents cf the retort slowly heated imtii it boils, 
when the soap is dissolved in tlic alcohol into a pasto- 
like mass. The evaporating alcohol is condensed in 
the cooling coil of the distilling apparatus and caught 
in a hottle placed before the opening of the coil. 

As soon as it is certain tlist all the soap Iras been 
dissolved, the glycerine mixed with the colouring 
matter and perfume is introduced into tlu; reloi't 
through a tube fitted into the head, and mixed with 
the soap paste by constant stirring. The lieating is 
continued until all the alcohol used for dissolving 
the soap is distilled off, the soap is then run into 
moulds in which it rapidly solidifies.* 

If the operation is carried out in the propei' 
manner (the essential point is that the soa^p should 
be free from water and absolutely dissolved in the 
alcohol) it is perfectly transparent in the moulds. 

According to the modern and now nniversuilly 
adopted practice, the saponification is accomplished 
solely with soda lye, the latty ingredients consist 
mostly of: tallow, coconut, and castor oil, and oc- 
casionally, in order to obtain hard soaps, stearine is 

{Translator's Note.—lt is impossible to ilislil off all tlui aloolHii 
from the soap.) 
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also added. It is advisable to filter the melted fats 
in order to remove any impurities. The 40 per 
cent soda lye necessary for the saponification is 
then mixed with half the quantity rf niethylated 
spirits, and added to the melted fat in the pan at 
a temperature of about 60". In order to prevent as 
far as possible evaporation cf the alcohol, the pan 
should have a cover that fits very well. 

Saponification then follows very rapidly, and when 
all the fat is saponified the solution cf sugar and 
glycerine in distilled water, to which half the amount 
of methylated spirits has been added, is well stirred 
in. The temperature cf the contents of the pan is 
then raised to about 85" tand kept at this for an 
hour and the pan must remain covered. IF a sample 
cf the soap is then poured on to a glass plate and 
left to solidify, it should be transparent (not dull and 
dirty) and firm. 

The soap is then let cool to 70" and at this temp- 
erature coloured. When the temperature has sunk 
to 68° the perfume, dissolved in the remainder cf the 
alcohol, is added. 

IF the perfume contains large quantities of oil, 
then to a batch of soap as niuch 20° potash lye 
must be added again as is equal to the weight of 
the oil containing aromatic substances ; unsaponified 
oil would dim the transparency of the soap. Trans- 
parent, excellent soaps can be obtained according to 
Deite as follows : — 
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I. It,, 



Tallow 


. 50 kg. 


46 kg. 


Cochin-Coconut oil 


. 45 „ 


40 „ 


Castor oil . 


. 15 „ 


26 „ 


Soda lye 40" Bee 


■ 50 „ 


50 „ 


Methylated spirits 90 per cent 


■ 


30 „ 


Sugar 


20 „ 


26 „ 


Distilled water . 


. 20 „ 


20 „ 


Glycerine 28" Be 


■ 25,, 


22 



For colouring only pale yellow (lemon, or wax 
yellow) colouring substances are used. For scenting 
the following are used : — 



Geranium oil , . 240 g. 

Verbena oil . . 200 „ 

Palma Rosa oil . . 160 ,, 

Bergamot oil. . .170,, 

Bitter almond oil , .10,, 

Tincture of musk , . 20 ,, 

Geranium oil . . 240 g. 

Oil of lavender . . 160 „ 

Oil of cinnamon . .140,, 

Caraway oil . . 120 ,, 

Clove oil . .100,, 

Tinctuie of musk . , . 20 „ 



Production or Liquid Glychrinu Boats. 

Liquid glycerine soap of the consistency of syrup 
is at present a much sought after toilet adjunct, and 
is mostly coloured with pale brown (honey glycerine 
soap) or with pale pink aiid perfumed with ger- 
anium oil (rose glycerine soap) and supplied to the 
trade . 

Particularly fine specialities in glycerine soaps are 
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mignonette glycerine soap (perfumed with mignon- 
ette oil and coloured pale green) and lavender gly- 
cerine soap (scented with lavender and coloured 
pale blue). 

As regards its constitution glycerine soap is a 
potash soap, dissolved with or without addition cf 
alcohol in very little water and mixed with scented 
and coloured glycerine. It is produced by saponifica- 
tion cf pure olive oil with potash lye, and dissolving 
100 parts of this soap in a mixture composed of 50 
parts of water and 50 parts of alcohol at 40 per cent 
and adding lO parts of glycerine. This soap solu- 
tion is a yellow brown and a certain amount of 
colouring matter need only be added in order to ob- 
tain the honey-coloured article. 

Pure potash oleine soap is an excellent material 
for the manufacture of liquid glycerine soaps, and 
these can be made without using alcohol. Oleine 
or oleic acid (from stearine works) is placed in glass 
bottles and stored for several months in a cool place 
the temperature of which can sink to 0". During 
this time, the greater part of the stearic and palmitic 
acid dissolved in the oleine sinks to the bottom of 
the bottle in a crystalline mass and the liquid above 
it appears quite clear. It is carefully poured off 
from the deposit, filtered through thick linen, in 
order to retain all foreign substances which may be 
floating about in it, saponified in the cold with 
caustic lye made from potash, and the total amount 
of the glycerine, with the exception of a very small 
quantity, is added. 
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This remainder of glycerine is used in order to 
dissolve in it the colouring and aromatic substances, 
and is only added when the soap has cooled. If the 
cooled soap should be too thick, then this draw- 
back can be i-emedied by the addition of a fairly con- 
centrated pearlash solution (not caustic). The 
ordinary proportion of the glycerine addition to this 
soap is y parts of glycerine to I part of oleine, to l)e 
saponified. 



Glycerine Cold Cream: Soap. 

The following directions are given lor the pro- 
duction of glycerine cold cream soap :-i— 

30 kg. of coconut oil, 20 I c~ tallow, 8 kg. of castor 
oil, 2 kg. ol crude palm oil arc heated together at 
75° C. ; YO kg. of caustic soda lye at 00 per cent arc 
added and stirred, 2 kg. of glycerine and leg. of 
spermaceti, this latter having previously been warmed 
to 75° C., are added and stirred in. 

Then the soap is covered up and left to luiat 
spontaneously, which will have taken place in about 
one hour and a half. A clear yellow, firm soa]) is 
the result which is very similar to a settled soap. 

The soap is now placed in the mould and per- 
fumed with 50 g. cassia oil, 50 g. bergamot oil, lOOg. 
lavender oil, GO g. of tincture of musk, 8() g. tincture 
of benzoin, 20 g. wintergreen oil, 80 g. dove oil, and 
10 g. cinnamon oil. 
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Glycerine Applied in Medicine. 

Owing to its softening and dissolving properties 
glycerine is widely applied in medicine. It is used 
either as a solvent for certain substances, for instance 
lor pepsine, or for the production of preparations 
with a softening action. Glycerine plaster of the 
German pharmacopoiia, is made, e.g., hy warming 
1 part ol wheat starch with 10 parts of glycerine in 
a water-hath for so long until the starch has formed 
into a paste, end consists therefore of a paste mixed 
with glycerine. The great dissolving properties gly- 
cerine possesses for many chemical preparations 
enables the incorporation in this paste of a large 
number of medicinal preparations, and in this 
manner renders it possible to produce medicaments 
which must be cf very powerful efficacy, as glycerine 
is easily absorbed by the skin. 

Many preparations which are used lor cracked skin, 
redness, also as remedies lor chilblains, contain gly- 
cerine, aiid owe the greater part of their efficacy to 
the glycerine contents. 

Liquid soaps for medicinal purposes can be made 
according to tho following prescriptions ; — 

Liquid Tah >4)aps. 

Two hundred parts rf tar are mixed with 400 
parts cf oleic acid, slightly warmed and filtered. The 
water contents has no detrimental action in this case. 
This is warmed in a water-bath, stirred and neutral- 
ized with a, little alcoholic potash solution. To the 



196 



GLYCERINE 



soap formed, 100 parts of alcohol are added, and 
further, sonie olive oil in order to prevent irritation 
hy any excess of potash, and made up with glycerine 
to 1000 parts. This 20 per cent tar soap is said to 
comply with the highest claims. Mixed with two 
parts cf distilled water, the soap leaves no depo.sit 
on the sides of the vessel. 

Liquid Storax Soaps. 

The process is the same as that in the case ol tire 
soap just discussed. The digestion with oleic acid 
enable; raw storax balsam to he used, from which 
the grosser impurities are reinoved by filtration. 
The'finished soap settles out; it must therefore be 
well shalien, and should he stored in dark-coloured 
glass vessels. 

Superfatted Liquid Lanolinb Glyoerine So.vps. 

A soap recommended as an excellent toilet adjunct 
can he made as follows : About 10 per cent lanoline 
is dissolved in oleine, saponified as in tlio case of the 
tar soap and scented, and most suitable lor this pur- 
pose is a solution of couniarin in geranium oil. 
Further, to the finished soap, tincture of benzoin can 
be added. 

A soap intentionally made alkaline, corresponding 
to the ordinary glycerine soaps, is i)articnlarly suit- 
able for disinfection purposes, and lor this reason 
should realize a good sale. 
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Liquid ^ Artiseptjc Soaps 

of best possible neutrality can, according to Antoine, 
be obtained as follows : — 

Caustic potash at 70 per cent, as free 



as possible from carbonate . . 50 g. 

Sweet almond oil . . 200 ,, 

Glycerine (30“ B6) . . 100 ,, 

Distilled water . . 1000 ,, 



The potash is dissolved in twice its weight cf water, 
and the oil and glycerine added and stirred round. 
The remainder cf the water is then added and the 
mixture is kept in a water-bath twenty-four to thirty- 
sis hours at 60°-70° C. The non-saponified oil is 
taken off and a jelly-like inass is obtained of which 
9(J0 g. are mixed with 70 g. cf alcchol at 90 per cent, 
and 10 g. each lemon, bergamot, and verbena oil. 
This is warmed for a few hours at GO" C., cooled, 
and the separated potassium stearate filtered through 
cotton wool. The filtrate then remains clear. It 
contains 0-8 to 1 g. of free alkali in the kilogram. 
This can be neutralized by introducing a stream of 
carbonic acid or by the addition of a glycerine solu- 
tion of tartaric acid. 

GLYcijiiiNn AS Addition to Wine, Beer, and 
Liqueurs. 

In the spirituous fermentation of wine-must, beer- 
wort, brandy mashes, etc., in a word, in every case 
in which alcohol is formed by a fermentation process. 
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glycerine also is formed ; the following may be taken 
as general products of fermentation — alcohol, carbonic 
acid, and glycerine. 

The quantities of glycerine resulting fro.m fermen- 
tation vary con.siderably, and in wine amount to be- 
tween O' 2 and 2-0 per cent, whereas in beer, brewed 
according to German methods, there is, on an average, 
0'(j per cent of glycerine. 

It has been found that the glycerine contents of 
wine has much to do with its flavour, and that in 
addition to the sweet taste possessed in a high de- 
gree by glycerine, it also imparts to it those qualities 
which are designated as maturation and oiliness. 

Thi.s maturation cannot be explained in woixls, it 
must be recognized by practical experiments. The 
quality of tlie oiliness of the wine consists therein 
that when wine is swung round in a glass on flowing 
down it leaves on the sides of the glass oily streaks, 
this is generally looked upon as a good quality of 
tlie wine and highly esteemed by consumers. 

In addition to the qualities mentioned, glycerine 
possesses that of masking tlie rough sour taste pe- 
culiar to wines containing much acid, and hereby 
renders the taste of tlie wines in question much more 
pleasant. 

ttinoe it lias been possible to obtain commercial gly- 
cerine of sLicli a high degree of purity, extensive ajipH- 
cation has been .made of it to the wine trade, and to 
some wines certain quantities of glycerine liave be.eu 
ad(lc.id in order to render tlie taste milder, more 
mature, and at the same time make the wine more 
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; this addition has been designated as Scheeler- 
iziiig or glycerinizing wines. 

We would, however, lay particular stress on the 
fact that the modern law in connection with foodstuffs 
has condemned and prohibited the adulteration of 
l)tiverages with glycerine. When we make mention of 
the subject in this connection, we only do so to draw 
attontion to this fact and to the distinct warning not 
to add glycerine to beverages intended for sale. And 
it would not be wise for anyone to attempt to do 
tlii s in the hope that the slight addition of glycerine 
will not be detected. The chemistry of foodstuffs 
has nowadays made such rapid strides that this 
would be no difficult task at all, although, as we have 
ali’o.ady inentioned, glycerine is a normal product 
of alcoholic fermentation. However, the individual 
component parts of a natural wine, etc., exist in the 
wine in certain proportions which vary but little. 
d.'his would at once be a help in detecting the addi- 
tion of glycerine, alcohol, sugar, etc., that is cf ab- 
solutely normal ingredients cf wine, as thereby the 
tiormal proportion of the substances would be altered. 

The quantity of glycerine to be added to a hecto- 
litre of wine is best ascertained by first adding 50 g., 
ciqtial to a thousandth part of the weight of the wine, 
mi.King it thoroughly, and tasting a sample. F this 
proves insufficient, then further amounts cf 10 g. of 
glycerine are added, until the wine as regards matui’a- 
tion and oiliness has acquired the requisite quality. 

Efc must be remarked in this connection that wine 
trouitfcid in this manner should not be used at once. 
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as at the beginning an experienced tongue would 
at once recognize this addition of glycerine, and 
it takes some time before the taste cf the glycerine 
and that of the wine have combined harmoniously. 
In order to attain this, it is necessary that the wine 
should be stored ior several weeks, and after, this 
period even a good wine connoisseur would not be 
able to recognize that glycerine had been inten- 
tionally added to the wine, presuming, of course, 
that this adulteration does not go beyond a certain 
degree. 

It has also been lound preferable to proportion the 
glycerine addition according to the quantity of free 
acids contained in the wine, and I o increase the gly- 
cerine in proportion to the increasing acidity of tlie 
wine. The lollowing short table gives this propor- 
tion : — 



Acid contentH 


Cllycm'liuh pfmnmu's 


lu thoiisamltlis 


por luM'toliUn 


7.0 


00 


7.5 


80 


8-0 


160 


8.5 


240 


9.0 


320 


9-5 


400 


lO-O 


480 


lO'd 


660 


11-0 


640 


11-5 


720 


12-0 


800 



Although these tables arc quite suitable for cer- 
tain cases, yet the addition of glycerine in such small 
quantities as 10 g. and repeated taking of samples is 
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preferable, as one must endeavour to avoid any excess 
cf glycerine as thereby the taste of the wine would be 
altered in a striking nianner and the .addition easily 
detected. It must, however, be considered as a rule 
strictly to be observed, never to add such large 
quantities ithat they strike the sense of taste un- 
pleasantly. 

In addition to the influence which glycerine has 
on the taste of wine, it also exercises an influence on 
the behaviour of the wine. Wines which have fer- 
mented for some time, and accordingly can only be 
clarified very slowly, soon settle if glycerine is added 
and they clarify rapidly. This phenomenon can be 
explained by the fact that the glycerine, although 
itself a product of fermentation, opposes spirituous 
fermentation; the faint after-fermentation which 
still takes place in the wine can then be completely 
suppressed by the addition of the requisite quantity 
of glycerine. 

Glycerine added to beer has the same action on 
its qualities as in the case of wines; the beer is 
matured, sweeter in taste, and also retains the froth 
longer, after it has been poured into a glass. As 
beer, however, contains far less glycerine than wine, 
on no account should such large quantities of gly- 
cerine be added to the beer as to the wine, and an 
addition of 250 g.-300 g. per Izectolitre should be the 
highest measure in which it can be applied. 

The right moment for adding glycerine to beer 
depends upon what is to be done with the beer. If 
it is intended to leave it for a long time in storage 
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into solution than would be possible by the action cf 
Tlie alcoholic contents alone. 

In connection with the application cf glycerine to 
the manufacture of liqueurs, there is one precaution 
to be observed, that is, that the quantity rf glycerine 
added to the liqueur should not exceed a certain 
l^ieasure. The reason lor this is the fact that one 
cannot enjoy a liqueur which contains a large amount 
of glycerine, whereas it is to the interests of manu- 
facturers to make the liqueurs in such a nianner that 
a great deal of them are sold. 

We would again call attention to the prohibition of 
ttie application of glycerine ; this refers also to the 
manufacture of liqueurs. 

Glyoeiune eok Tilling- Gas Meters. 

Gas meters, as is known, are filled with water, but 
this method has certain drawbacks, the greatest of 
which is that water is being continually carried away 
through the gas, and therefore repeated filling with 
water is necessery. In order to remedy this draw- 
back, in many places glycerine has been substituted 
as filling for gas meters and with good results. 

Owing to its hygroscopic qualities glycerine not 
only gives out no water, but absorbs water from the 
gas; as a rule glycerine diluted with 45 per cent 
water, ab.sorbs from the gas in the course of the 
year 1‘2-iri per cent of water, and then it can also 
happen that on cold days tlie glycerine in the gas 
iiuder may freeze and the working be interrupted lor 
some days. 
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The glycerine contained in the gas meter not only 
absorbs water from the gas, but also absorbs certain 
other combinations, in particular sulphide aninioniiini 
and sulphite, and from time tu time (about once; a 
year) must be taken out of tlie gas meter and cleancid. 

The cleaning process is iiiost simply accomplisluid 
by heating it for some hours up to 130' 0, in a 
covered boiler connected with a flue which draws 
well, whereby the greater part of tho substances dis- 
solved in the glycerine can esenpe. Tho tar-like 
substances which are absorbed from the gas remain 
in the glycerine. As soon as a sample of the gly- 
cerine does not show an alkaline reaction oti cooling 
the heating is stopped, and the glycerine is decol- 
orized by filtration over bone charcoal, wlum it can 
again be used for filling the gas meter. 

The advantages offered by filling gas meters with 
glycerine consist therein that repeated filling is 
avoided, and, moreover, the gas is cleaned l>y gly- 
cerine, and a glycerine filled gas meter freezes niutih 
more seldom than a water filled gas meter. 

Owing to its indifference bo metals, glyeerine is 
eminently adapted to protect metals which rust 
easily, such as polished iron or steel. To this end, 
it is only necessary to thoroughly rub tlio metal ob- 
jects with a cotton wool pad which has been dipjXMl 
in glycerine and then pressed out, and tlui thin laytvr 
of glycerine which is spread on the metal pre,v<!nts 
rusting for some time. 

Glycerine has also been used as a lubricant for tlie 
component parts of delicate machinery, for instance} 
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cf watches; it would moreover, owing to its indif- 
ference to metals, be most suitable for this purpose 
if it did not possess the quality of drawing humidity 
froni the air. Glycerine, however, diluted to a cer- 
tain degree with water, loses its thick oily consist- 
ency, and is no longer suitable to prevent friction 
between the parts of machinery. 

Glycerine eor Clay modelling. 

Sculptors, as is well known, make use of a soft 
clay mass for their first rough modelling, and on 
ceasing to work cover it with damp cloths in order 
to prevent drying cf the clay. I n the production 
of large, plastic works, this is accompanied with 
some difficulty, for the clay models not only crack 
on drying, but the shape of the model also changes 
owing to the shrinkage cf volume which takes 
place as the clay drys. 

These drawbacks can easily be remedied by pre- 
paring the clay not with water but with a liquid 
composed of 3 parts of water and Ipart of glycer- 
ine ; the water-attracting quality of the glycerine 
prevents entire drying cf the clay, without it being 
necessary to take any other precautions in regard to 
this drying, and for this purpose an inferior glycerine 
of a dark colour cain be used. 

Glycerine Applied to the weaving industry. 

Glycerine can be very extensively applied to the 
textile industry and particularly to the manufacture 
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of the most delicate cotton fabrics (muslin weaving) 
and also to the manufacture cf fine laces. In order 
to inipart to the cotton threads which are used in 
the manufacture of this fabric the necessary degree 
of suppleness they must continually be kept damp, 
and formerly such textures were mostly manufac- 
tured in damp cellar rooms. Naturally the continual 
sojourn in such rooms was injurious to tho health 
of the workers. Thcrefovc the threads were im- 
pregnated with a dressing which kept them continu- 
ally damp. 

Preferably mixtures of dextrin and grape sugar 
solutions were used on account of their water-attract- 
ing property, but they were not very suitable ; only 
since glycerine has been added to these dressing 
compositions have the results been satisfactory, and 
the most delicate muslin fabrics and lace work can 
now be manufactured in perfectly dry and airy rooms. 

The compositions which are used for these dress- 
ings are very numerous and consist mostly of dextrin, 
aluminium sulphate, and glycerine, for instance : — 

Dextrin , . 5 parts 

Aluminium sulphate . 1 » 

Dissolved in water . 30 ,, 

Mixed with glycerine , . 12-15 ), 

The dressing remains continually damp, has no 
smell, and is not liable to become mouldy. 

Glycerine can be used with great advantage in 
different branches of the textile industry, in all cases 
where it is a question of imparting to the cotton or 
fabric suppleness and softness, and the simplest form 
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of application consists in adding it to the water with 
which the cotton yarn or fabric are to be washed: 
on drying the fabrics the glycerine remains dispersed 
throughout the whole mass of the fibre, and gives it 
such a high degree cf suppleness and elasticity that 
the value of the fabric in question is thereby con- 
siderably increased. 

Glycerine Applied to the Manupacttjre of 
Paper, Tobacco, etc. 

Paper which is made froin straw and wood sub- 
stance only, or with the addition of these materials, 
often possesses the undesirable quality cf brittleness 
and hardness, and often on merely folding breaks. 
The quality of paper also in respect to suppleness 
can be considerably improved if to the paper pulp, 
coniisting of paper substance and water, a small 
percentage of glycerine is added ; it prevents entire 
drying of tlic finished paper and also the resulting 
brittleness. 

Glycerine is also iiiade fairly considerable use of 
in the manufacture cf tobacco, and in the pre- 
paration of snuff and chewing tobacco, which, when 
glycerine is added, does not dry up. 

Wood which has been impregnated with glycer- 
ine obtains a high degree of suppleness, and even 
brittle wood, impregnated with glycerine, can easily 
be bent without cracking, a fact which should be 
cf great consideration to the wood-worker. In order 
to render wood more receptive for glycerine, it is 
as well to dry it thoroughly in a kiln, %nd while it 
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has a temperature cf 70°-80“ either to place it in 
glycerine or to coat it with it. Glycerine is eagerly 
ahsorhed hy the hot wood and penetrates very deeply. 
Casks, made of wood which is impregnated with 
glycerine, can remain some time exposed to the air 
without becoming non-waterproof, because glycerine 
being a water attracting substance keeps tlzc wood 
continually damp. Also, such casks do not assunie 
any musty or unpleasant smell inside as glyceriiui 
arrests the development of the small fungi which 
cause this smell. 




CHAPTER XV. 



CHKMICAL ANALYSIS OF GLYCERINE. 

Since glycerine has attained such importance for 
many industries and particularly since it has been 
used in such large quantities for explosive prepara- 
tions, the analytical determination cf glycerine in a 
liquid has become of considerable value, and several 
methods are used in order to determine the amount 
of pure glycerine contained in a given substance. 

In commerce different sorts of glycerine are dis- 
tinguished, according to method of production, 
whether distilled or not, as also to purity and con- 
centration. According to their origin crude glycerines 
can be divided into sajjonification glycerine froin 
autoclave saponification, or fat-splitting, according 
to the Twitchel method, distillation glycerine, which 
is a by-product obtained by the saponification cf fat 
with acid and cleaned by distillation, and soap-lye 
glycerine obtained from spent lyes from soap-boiling. 

T'hc most impure glycerine is the lye glycerine, ob- 
tained from the spent lye in soap manufacture. Its 
ash content ainounts mostly to 10 per cent and is due 
to tlic presence of common salt, soda, caustic soda, 
and also sodiuin sulphate. Further, lye glycerine 

( 209 ) 14 
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often contains gelatinous and resinous substances, 
end carburet cf hydrogen. It is light brown to 
brown red in colour, the specific gravity is 1-3 or 
34" Be, and the glycerine content 80-82 per cent. 
The high content of ash, the strong chlorine re- 
action, and the high specific gravity are all points 
by which it can be recognized. 

Distillation glycerine possesses a sharp astringent 
taste and smell. The percentage of ash is 3-5 
per cent; further, organic impurities are always 
present. The concentration is usually 2B B6, the 
glycerine-content between 84 and 86 per cent. 
The colour is straw yellow to dark amber, and dis- 
tillation glycerine can be recognized inasmuch as 
lead acetate gives a strong deposit, and on hydro- 
chloric acid being added it beconies very muddy, 
due to the liberated free fatty acids. 

Comparatively, the purest is the saponification 
glycerine. It contains only 0-5 per cent ash, but 
much lime and magnesia. It is also concentrated to 
28" Be and differs from distillation glycerine in that 
when treated with lead acetate there is only a slight 
and slow deposit;, and hydrochloric acid does not 
cause any turbidity. 

The purest is the double distilled glycerine with 
a percentage of water of only 2-3 per cent. It 
must be colourless and should not possess any un- 
pleasant smell. Once-distilled glycerine must also 
answer these requirements, but it generally contains 
slight quantities of salts. 

For the purposes cf soap manufacture glycerine 
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free froniiime should be used ; it does not need to be 
distilled, but should be free froni lime compounds. 

Glycerine to be used for the manufacture of nitro- 
glycerine, that is in the nianufacture of dynamite, 
is mostly once-distilled, bu1f concentrated glycerine 
should only contain small quantities cf impurities. 
On the other hand, thecolour is a matter of second- 
ary importance, provided it is not due to large 
quantities of impurities. The specific gravity should 
not be less than 1.261 at 15-5° C. 

Refined or commercial glycerine is mostly not quite 
odourless and contains different impurities, particu- 
larly dissolved salts ; it is usually met with at concen- 
trations of 18-‘24 and 28" 

Double distilled cheinically pure glycerine should, 
according to the indications in the German phar- 
macopoeia, stand the lollowing tests : — 

A mixture composed cf Ic.cm. glycerine and 3 c.cm. 
zinc chloride solution should not during an hour as- 
sume & darker colour. 

If glycerine is diluted with 5 parts water and 
iiiixed with sulphuretted hydrogen water, barium 
nitrate, ammonium oxalate, or a solution of calcium 
chloride, there should be no precipitate or cloudiness. 
Silver solution should only cause faint opalescence. 

Five grin, heated in an open dish and ignited, burns 
away leaving a dark stain which on being heated 
still further conipletely disappears. 

F a mixture of 1 grin, of glycerine and Ic.cm. rf 
ammonia liquid is heated in a water-bath to GO" and 
then at once mixed with three drops of silver nitrate 
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solution, then within five minutes there should 
be neither coloration nor a brown black deposit 
in tliis mixture. 

IViO c.cm of glycerine warmed with 1 c.ciu. of 
soda lye, should give no coloration, neither sh(mld 
there be any ammonia or smell of glue-like sub- 
stances evolved. 

Onec.cin. of glycerine gently warmed with Ic.cm. 
of diluted sulphuric acid, sliould give no unpleasant 
rancid smell. 



DuTE]i.MINATIOJf OL<’ GrLyOtJJaNJi Contunts. 

If pure glycerine is being dealt with, the water 
contents can be easily ascertained by the specific 
gravity by means of the tables given l)clow. But 
particular atteiition must be paid to tlie temperature 
as these tables only give correct values at those tem- 
peratures for whieli. they have been calculated. 

As is well known, the speciiic gravity of the licpiid 
is influenced by temperature in such, a way that a 
certain rise of temperature giv(!S tlie liquid a lower 
specific gravity. 

This method is only applicable wlien al)solutely 
pure glycerine is being considertid, that is such that 
does )iot contain any appreciable ((uantiti('„s of impuri- 
ties. If this is not the case, particularly with gly- 
cerine in admixture with muue,rous othen,' substanciis, 
for instance, soap-lye glycerine, them another procciss 
must 1)0 resorted to in order to (let(!nnine its qiuintity, 
which is l)ased on the oxidation of glycerine. In 
this ease! mostly the methods of Legler ami I lelmer arc; 
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Tatilk for the Determination of the Wathu Contents of 
Glycerine accorwnq to Champion and Pellet at 17'5“ C. 



Water in 
1(10 pts. 
Glycerine. 


Specific 

Gravity. 


Decree Ac* 
cortlinj? to 
Besuu’uo 
Aerometer. 


Water in 

ItK) ptS. 

Glycerine. 


Specific 

Gravity. 


Ac- 

covdinji' to 
Beaimu' 
Aerometer. 


0-0 


1’2G40 


31-2 


11-0 


1-23.50 


28-6 


0-5 


1'2625 


.31-0 


11-5 


1-2335 


28-4 


1-0 


l- 2 r.l 2 


.3(1-9 


12-0 


1-2322 


28-3 


1-5 


1-2G00 


130-S 


12-3 


1-2307 


28-2 


2-0 




130-7 


1.3-0 


1-2295 


28-0 


•2-5 


1-2.373 


30- (5 


13-5 


1-2280 


27-8 


iJ-O 


1-2300 


30-4 


14-0 


1-2270 


27-7 


H'5 


1-2540 


.30-3 


14-5 


1-22.33 


27-6 


4'0 


1-25.S2 


30-2 


15-0 


1-2242 


27-4 


4 n 


1-2520 


30-1 


13-3 


1-2230 


27-3 


r>-a 


1-2303 


30-0 


16-0 


1-2217 


27-2 


ryr> 


1-2490 


29-9 


16-3 


1-2202 


27-0 


(i-O 


1-2480 


20-8 


17-0 


1-2190 


2(i-S) 


(i-5 


1-2465 


20-7 


17-3 


1-2177 


20-8 


7-0 


1-2453 


29-0 


18-0 


1-2165 


20-7 


7-3 


1-2440 


29-3 


18-3 


1-2130 


26-5 


8-0 


1-2427 


29-3 


19-0 


1-2137 


26-4 


8-5 


1-2412 


29-2 


19-5 


1-21-25 


20-3 


t)-0 


1-2400 


29-0 


•20-0 


1-2112 


26-2 


9-5 


1-2390 


28-9 


20-5 


1-2100 


2(r0 


10-0 


1-2373 


28-8 


21-0 


1-2085 


23-9 


10-5 


1-2362 


•28-7 






















used, whereby glycerine in the presence of snlphuric 
acid is by means of bichroinate oxidized to carbonic 
acid, when the amount of the oxidizing substance 
used up is determined with ferrous ammonium sul- 
phate. r according to this method correct results are 
to be obtained, then the liquid to be analysed should 
be free from chlorine and as far as possible from or- 
ganic substances. According to the regulations of 
the Analytical Committee of the Convention of 
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Table of the Specific Gravities of Mixtures of Glycuuine with 
Water (Accobding to W. Lhnz). Fun Thhpeuatuuhs of 



ContentH of 
the liquid 
in a-nbydrouts 
jflyeerine, 
in per (;ent. 


Speciiic 
Gravity 
of the 
liquid. 


Contents of 
the liquid 
in anhydrous 
glycorim', 
in per runt. 


Specific 
Gravity 
of the 
liquid. 


Contents of 
tlie liquid 
in anhydrous 
ji'lyccrine, 
in per cent. 


Specific 
Gravity 
of the 
liquid. 


100 


1-2691 


()6 


1-1764 


32 


1-0825 


1)0 


1-2064 


65 


1-1733 


31 


1-0790 


98 


1-2637 


64 


1-1702 


30 


1-0771 


97 


1-2310 




1-1671 


29 


1-0744 


96 


1-2584 


tia 


1-1640 




1-0716 


96 


1-2557 


61 


1-1610 


27 


1 - 0 () H 9 


94 


1-2531 


60 


1 -1582 


26 


1-0663 


9 H 


1-2504 


59 


1-1556 


25 


1-0635 


92 


1 - 247 S 


58 


1-1530 


24 


1-0608 


91 


1-2451 


57 


1-1505 


23 


1-0580 


90 


1-2425 


56 


1-1480 


22 


1-0553 


89 


1-2398 


55 


1-1455 


21 


1-0525 


88 


1-2372 


54 


1-1430 


20 


1 - 0-198 


87 


1-2345 




1-1403 


19 


1-0471 


86 


1-2318 


52 


1-1375 


18 


1-0446 


85 


1-2292 


51 


1-1348 


17 


1-0422 


84 


1-2265 


60 


1-1320 


16 


1-0398 


83 


1-2238 


49 


1-1293 


15 


1-0374 


82 


1-2212 


4 H 


1-1265 


14 


1-0349 


81 


1-2185 


47 


1-1238 


13 


1-0332 


80 


1-2159 


4H 


1-1210 


12 


1-0297 


79 


1-2122 


46 


1-1183 


11 


1-0271 


78 


1-2106 


44 


1-1155 


10 


1-0245 


77 


1-2079 


43 


1-1127 


9 


1-0221 


76 


1-2042 


4-2 


1-1100 


K 


1-0196 


75 


1-2016 


41 


1-1072 


7 


1-0172 


74 


1-1999 


40 


1-1045 


6 


1-1470 


73 


1-1973 


39 


1-1017 


5 


1-0123 


72 


1-1945 


38 


1-0989 


■1 


J -0097 


71 


1-1918 


il7 


l - 0')62 


3 


1-0074 


70 


1-1889 


36 


1-0934 


2 


1-0049 


69 


1-1858 


35 


1-0907 


1 


1-0025 


08 


1-1826 


34 


1 - 0881 ) 






67 


1-1795 


33 


1 - 0 H 52 








CHEMICAL ANALYSIS OF GLYCERINE 



216 



German glycerine manufacturers, the following is 
carried out : — 

The following aqueous solutions are to be made 
and used at 15’ 0. : — 

fajPotassiuiXL bichromate solution, which in a 
litre contains exactly 74-86 grm. of potassium bichro- 
mate and 150 cm.® cf concentrated sulphuric acid. 
One cm.® cf this solution is equivalent to 0-01 grm. of 
glycerine. 

(b) Diluted bichromate solution. Obtained by 
dilution of 100 c. cm. of the solution (a) to 1000. 

(c) Ferrous ammonium sulphate solution. Con- 
tains in a litre 240 grm. rf ferrous ammonium sulphate 
and 100 cm.® of concentrated sulphuric acid. 

(d) Solution cf red prussiate of potash 1: 1000. 
This solution is always freshly prepared. 

For the standardization of the ferrous ammonium 
sulphate solution, 10 cm® of the solution are titrated 
with the diluted bichromate solution, until a drop of 
the mixture with a drop of the red prussiate solu- 
tion mixed on a white porcelain plate shows no 
visible blue coloration. Ten c.cm. of this solution 
corresponds to about 40 c.cm. of the diluted bichro- 
mate solution, that is 4 c.cm. of the concentrated 
bichromate solution. 

The determination of glycerine in spent lye with 
the help cf these reagents is carried out in the follow- 
ing manner — 

About 20 grm. of spent lye which, however, must 
not contain more than 2 grm. pure glycerine are placed 
in a measuring flask of 200 c.cm. contents, care- 
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fully weighed end practically neutralized with dil- 
uted acetic acid with a specific gravity cf 1’041, and 
the mixture must on no account be acid. Then this 
is diluted with distilled water to a volume of about 
50 c.cm. and swirling ronnd gradually, basic lead 
acetate solution, is added, until alter standing for some 
time, tho liquid, on the addition of a further drop 
of lead solation, docs not show any further precipitate. 
It is then left for about half an hour and the mixture 
made up to 200 c.cm. at a temperature of 15“ C. 

Of this well-inixcd and settled liquid, part is 
filtered through a dry filter. 20 c.cm. of this filtrate 
correspond to 2 gmi. spent lye, and are now placed in 
an Erlenineyer flask of 300 c.cm. capacity, when in 
the following order are added : - 

1. 30 c.cm. distilled water 

2. 30 c.cm. diluted sulphuric acid 

3. 25 c.cm. of concentrated bichromate solution. 

This mixture is then suspended in boiling water lor 
two hours and the flask covered with a small funnel. 

After tins time, and when tho mixture! has i)e- 
come cold, it is titrnted Irack with tho standardizcid 
ferrous ammonium suli)hato solution until a droj) of 
tire mixture with the red ])russiatc of potash gives 
a blue coloration. 

The calculation is then as follows : — 

If, for instance, lor tho retitration of tlu! oxidized 
liquid, that is the remaining (\xcess of thes bichro- 
mate solution, 40 c.cm. of the iron solution arc! used, 
then theso correspond to 40 x 0-4 =-- 1(3 c. tun. of the 
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bichroinate solution. ff these are now deducted 
from the 25 c.cm. added in the beginning, then 
25 - 16 = 9 c.cm. of strong bichromate solution 
would be necessary lor the oxidation of the glycerine, 
which corresponds to 9 x O'Ol = 0'09 glycerine. T 
this quantity was found in exactly 2 grm. spent lye, 
then this contains 0'09 x 50 = 4.5percentglycerine. 

Examination of Glycerine i?oe Dynamite-making. 

For the examination cf glycerine intended for 
dynamite- or nitro-glycerine manufacture, a nitration 
test is generally made, whereby is established how 
much nitro-glycerine can be produced from a given 
weight of glycerine. Eor this purpose, 15 grm. gly- 
cerine is nitrated in a glass cylinder with 70 c.cm. 
of a mixture cf 37 per cent pure sulphuric acid, cf 
specific gravity 1-5, and 63 per cent pure nitric 
acid of specific gravity 1.485 at a temperature not 
allowed to exceed 20" C. The nitro-glycerine should 
separate out from the acids with a sharp surface of 
separation, leaving no flocculent substances suspended 
in the under layer. Then the nitro-glycerine is 
separated froin the acid in a separating funnel, 
washed with water at 35° to 40" C., then a few 
times with a 20 per cent soda solution, and finally 
again with water. 

Theoretically 100 grm. glycerine should yield 
246'7 grm. nitro-glycerine. But dynamite glycer- 
ine is never ]nire, and there is besides sonie loss in 
nitration, but the yield should be at least 207 to 
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210 per cent. In order to render nitro-glycerine 
harmless, it is best to run it into strong soda lye, 
whereby it is decomposed. 

Under the title “ Ein Beitrag zur Beurteilung des 
Dynamit-glycerins,” Eranz Hofwirnmer, Vienna, 
publishes in the “ Chemiker Zeitung,” No. 5, 1912, 
the following : — 

For glycerine, intended for explosives manufacture 
a very high standard is fixed both as regards quality 
and concentration. 

As is known, the nitration rf glycerine is due to 
a reversible reaction ; therefore it is striven, in order 
to secure the best possible yield, to reduce the mass 
of water present in the reaction to a minimum, 
which in the first place is accomplished by employ- 
ing % water-free nitric acid, and an almost absolute 
glycerine. Further, the use of a glycerine contain- 
ing much water would increase inadmissibly the 
danger of decomposition, or at least cause a very 
energetic development cf heat. For this reason, 
dynamite glycerine must be at least 97-6 to 98 per 
cent, it should further evaporate at 180“ C., leaving 
at the most 0.2 per cent residue, and only (K)5 per 
cent ash. It should contain neither reduction sub- 
stances (acrolein) nor fatt_y acids, nor chlorine. The 
colour should be only wine-yellow, and the specific 
gravity at 15° C. should reach 1-2625 - 1-2(330. 

Although most dynamite glycerines answer these 
requirements, they notwithstanding often leave much 
to be desired on nitration as regards yield of nitro- 
glycerine, for which reason the usual methods of 
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examination for this product give no definite results 
as to the yield of nitro-glycerine. 

The frequently used method of Hehner yields 
indeed very exact results in the examination cf crude 
glycerine ; it is, however, more or less useless for de- 
termining the quality of dynamite glycerine. The 
method gives only correct results when the glycerine 
under examination is free from polyglycerols. These 
are formed during the distillation cf glycerine as a 
consequence of local over-heating, and are able to 
affect very prejudicially the yield of nitro-glycerine. 
These polyglycerols result only from the splitting olf 
of water, and in the estimation according to Hehner, 
all the residue of the glycerine comes into con- 
sideration. * Under these circunistances a glycerine 
examined by this method may show a con- 

tent cf more than 100 per cent. In nitro-glycerine 
manufacture, however, the quantity is only deter- 
mined by the hydroxyl groups contained in the 
glycerine, so that a product containing polyglycerols 
yields a deficient quantity rf nitro-glycerine. Whilst 
92grm. glycerine should yield theoretically 227 grm. 
nitro-glycerine, corresponding to 246-7 per cent, 
there results from the polyglycerols only the nitro- 

119a: 108 

glycerine calculated from the formula A = 5 a . — 

(where x is the number of compound C.jHgOj mole- 
cules to a molecule). Diglycerine gives a theoretical 
yield cf 188 per cent, and triglycerine only 168 per 
cent. To what extent a polyglycerol content is able 
to reduce the yield of nitro-glycerine is well illug- 
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trated by the following example. A dynamite 
glycerine that contained 86 per cent 10 per 

cent diglycerine, CuHj^Or,, and 4 per cent water, 
gave according to the Hehner method of analysis, 
97'08 per cent CgHgOj, and 2 92 per cent of water, 
and should produce therefore on nitration a theoreti- 
cal yield of 239-5 per cent nitro-glycerine; owing 
to the diglycerine content, however, the yield is re- 
duced about S.5per cent, so that lor the manufacture 
of: nitro-glycerine the glycerine is not 97-08 per cent, 
but only 93-46 per cent. The nitrogen-content of 
nitro glycerine obtained does not reach by far tlie 
theoretical figure of 18-50, so that the quality of the 
product is also unsatisfactory. 

The examination cf dynamite glycerine by the 
acetin method might be expected to give correct 
results, as will be understood from the foregoing, 
since it depends entirely on the quantitative estima- 
tion of the hydroxyl groups. It is, however, 
scarcely to be expected that the polyglyccrols would 
be able to withstand a boiling of some hours with 
acetic anhydride, but on the contrary they hydrolyse 
to glycerine and are estimated as such. On this 
ground, the acetic anhydride method must also be 
rejected, apart from other defects of the process 
which must be taken into consideration. 

Frequently it is attempted to determine tho 
water contained in a glycerine by drying over sul- 
phuric acid in, vacuo. This method requires some 
considerable time and is, moreover, not quite ac- 
curate, since glycerine, on account cf its energetic 
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water-absorbing power, retains water under these 
conditions. All the remaining methods of glycerine 
estimation described in the literature leave much to 
l)e desired partly in accuracy, partly in simplicity. 

The only accurate and absolutely reliable test for 
dynamite glycerine is therefore by nitration and 
determination of the nitro-glycerine 
produced. The well-known nitration 
apparatus of Novak and Schagel is 
not very suitable for a rapid and 
exact nitretion, since in this only 
some 80-100 g. glycerine can be 
nitrated, a quantity which one can 
neither weigh accurately on the 
analytical balance nor with the 
ordinary scales. A nitration by 
means of the above-named appar- 
atus, by the time that one has 
weighed the dried nitro-glycerine, 
takes at least 12-24 hours ; work- 
ing with proportionately larger 
quantities (150-200 g.) is a some- 
what dangerous undertaking, especi- 
ally for the inexperienced. 

For the rapid, exact, and at the 
mine time safe nitration, an ap- 
paratus has hecm devised, so constructed that it 
permits hotli the glycerine to be weighed on the 
analytical halance, and also the nitro-glycerine 
formed to be brought into a measuring tube ac- 
eurate.ly divided into twuntieths of a c.cm. The 
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apparatus shown in the figure consists of the gly- 
cerine pipette A, and the measuring tube B, which 
is furnished with the cock H, and is enlarged at 
the top into a very thin-walled nitration vessel N, 
enclosed in the cooler K. The glycerine pipette 
is furnished with two marks, which correspond to a 
weight of glycerine of 10 g., and is closed by means 
of a glass tap. Both this and the nitration vessel 
are fixed hy means of clamps to the same retort 
stand. A nitration in this apparatus ts carried out 
in the following manner. The nitration vessel ts 
filled up to above the fixed mark with the nitrating 
acid and cooled to 15“ C., when one allows the ex- 
cess of acid to run away through the cock H. While 
the glycerine is allowed to drop from the pipette A 
into the nitrating acid as slowly as possible, for the 
purpose of thorough stirring, one conducts through 
the apparatus a current cf air dried by means of 
concentrated sulphuric acid, and carries away the 
heat generated in the reaction by a rapid flow of 
cold water. An observation of the nitration tem- 
perature m the small glycerine mass is not necessary, 
especially if the temperature of the cooling water is 
only 12-15° C., and it passes through the cooler with 
an adequate velocity. As soon as tlic glycerine has 
run down to the lower mark on tho pipette, one 
shuts the cock of the pipette, allows about another 
minute’s stirring, and then interrupts the air current 
by shutting the cock H. Alter standing a quarter 
(f an hour (with the cooling water running) the 
nitro-glycerine completely separates from the waste 
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acid, whereupon the latter is allowed to run down 
to the zero mark, when the volume of the former is 
read off, and from the result is calculated the glycerine 
contained in the 10 g. weight. Since the read-off 
and calculated nitro-glycerine gives no proof of the 
quality of the glycerine used, a nitration must he 
carried through for comparison under the same ex- 
perimental conditions on chemically pure 100 per 
cent glycerine; the result is noted once for all as 
corresponding to 100 per cent glycerine. Eor ex- 
ample, lOg. cf a glycerine gave 14. 45c. cm. of nitro- 
glycerine, and hy the nitration for comparison under 
similar conditions of 100 per cent glycerine, 15 c. cm. 
of nitro-glycerine were obtained, so is the glycerine 
under examination, irrespective of the CgHgO, con- 
tent found hy the Hehner or any other method of 
examination, valued as 14.45:15-00 — 96.3 per 
cent dynamite glycerine. 

It is absolutely necessary always to work under 
the same conditions. It is advantageous to employ 
for 10 g. glycerine, 60 g. nitrating acid (45 per cent 
HNO, and 55 per cent H^SO^) and the reading of 
the nitro-glycerine volume is made at 15 - 16 ° C. 
Since the size of the yield is chiefly dependent upon 
the ratio between the glycerine and nitrating acid, 
the mass of the glycerine used should not much ex- 
ceed the limits 9-9-10'l g. 

The apparatus permits in an hour an exact esti- 
mation to be easily carried out, which represents an 
advantage over other methods not to be despised, 
and, since in the purchase of dynamite glycerine 
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differences frequently arise between buyer and seller, 
owing to defective methods of examination, should 
be a very welcome laboratory apparatus to the 
dynamite as well its to the glycerine manufacturer. 
On account of its simple and solid construction, it; is 
very easily cleaned, and the risk of breakage is only 
very slight. The manufacture of the apparatus is 
undertaken by the firm Ephraim Greiner, of Htiitzer- 
back, Thur ingen. 

L)j';T.nxiMiNATioN oi>' Limh Salts. 

This test, by means of whicli it is easy to dis- 
tinguish concentrated from distilled glycerine, is 
carried out in such a way that the glycerine is diluted 
with twice or three times its volume of water and 
ammonium oxalate added ; the prc.sence of lime sidts 
will cause a deposit of calcium oxalate. 

The presence of sulphuric acid, generally in tlie 
form of calcium sulphate (gypsum), can lu! ascertained 
by mixing tire diluted glycerine with a solution of 
barium cliloride ; a re.sultant white deposit prov(;s tlie 
presence of sulphuric acid. If the deposit resulting 
from tire barium chloride is soluble in hydrochloric 
acid, this proves the presence of ])hosplioric acid 
also. 



TlSTS FOlt OTHER iMi’UlUTIHS. 

Glycerine whidi is somewhat acid can on distil- 
lation dissolve iron or copper from the ap))ariitus 
and hereby liecome contaminated, d’lu'.se, iron emu- 
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pounds can easily be ascertained by the addition of 
a solution rf nitro-prusside sodium or salicylic acid. 
In both cases red coloration, takes place in the 
presence of iron compounds ; the presence of copper 
can be proved by the addition of ammonia ; hereby 
the glycerine, particularly in thicker lagers of the 
liquid, has a distinctly blue coloration in the presence 
of copper. 

Some kinds of glycerine have a peculiar smell 
which is either sour or rancid. In the former case 
it is generally due to formic acid or acetic acid, in 
the second to butyric acid. Formic acid can be 
recognized by mi.King the glycerine under examina- 
tion with an ammoniacial silver nitrate solntion ; in 
tho presence rf formic acid, immediate separation 
of the iiietallic silver takes place ; if the glycerine 
is pure, on becoming cold, the liquid remains clear, 
and only on heating reduces the ammoniacal silver 
oxide to silver metal. Also both acids can be 
detected by the sense of smell, if the glycerine is 
mixed with sulphuric acid. 

Butyric acid is best detected by the odour ; 
the glycerine is rubbed between the hands and 
these are brouglrt up to the nose ; the presence 
of butyric acid is at once detected by the unpleasant 
rancid smell which is peculiar to this acid. Further, 
this butyric acid test can be carried out in another 
manner; to this end equal volumes of alcohol and 
of the glycerine are mixed, and to the mixture 
sulphuric acid is added ; in the presence of butyric 
acid, butyric ether is formed under these circurn- 
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stances, and the liquid has a very pleasant and 
characteristic sniell of pine-apple. 

Albumen is precipitated hy means of tannic acid 
or in flocks hy acidifying with acetic acid. 



Test for Sugar Contents, 



Intentional adulteration of glycerine can 
made either with grape sugar in the form of starch 
syrup, or for this purpose the thick syrup ohheet sugar 
factories is used, which in addition to grape sugar 
also contains cane sugar. We shall give later on the 
method hy which these different sugars can he dis- 
tinguished from one another. In any case these 
adulterations with respect to relative prices hardly 
ever occur now. 

As a first test as toprohahle sugar contents, small 
quantities of the glycerine to he analysed are mixed 
with kali lye and concentrated sulphuric acid : if the 
samples are free from sugar, then they are not altered 
by these additions : if they contain sugar they will 
colour brown already when cold or on gentle heating 
and humic substances arise from the sugar. 

It has been proposed to determine the addition of 
grape sugar by warming glycerine with the so-ca,lled 
Fehling solution (alkaline copper.oxide solution) wh(,'.]i 
in the presence of grape sugar red copper protoxide 
is separated ; as, however., pure glycerine gives a 
deposit in the Fehling solution, this test is hardly 
applicable. (This does not agree with the trans- 
lator’s experience.) 
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A very simple method of proving the presence of 
HUgar in glycerine is by means of the polarimeter; 
glycerine does not cause the plane of polarization 
to deviate ; sugars do, either to the right or to the 
left. Glycerine which is of too dark a colour to be 
tested in a polarimeter should be decolorised before 
the test. This can be accomplished by mixing the 
glycerine with 0-1 of its volume of lead acetate, 
shaking and filtering from the residue; on calculat- 
ing the sugar contents this dilution must be taken 
into account. It is simpler to filter the glycerine 
to 1)0 tested through dry spoclium whereby it is 
suniciently decolorized to enable the optical test to 
1)0 made. 

If glycerine containing sugar causes rotation cf the 
plane of polarization, then the question may possibly 
arise as to whether it has been mixed with potato sugar 
or also with cane sugar syrup, the latter cf which 
contains different quantities of cane sugar and grape 
sugar. In order to determine this, it must first be 
ascertained by how many degrees the plane of polariza- 
tion Iras l)oen rotated, and then the sugar must be 
inverted, that is transformed into invert sugar ; this 
latter takes place l)y heating the glycerine to be 
tested for ton minutes with 0-1 of its voluiiie of hydro- 
diloricacid to 70-H0 C. If originally the plane moved 
to the right, and if the rotation, which now owing 
to the dilution with hydrochloric acid must be reckoned 
0-1 higher, remains unaltered, then grape sugar 
alone was present, if, however, the plane rotates to 
the lult after the original liquid had indicated a 
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movement to the right, then this is a proof that the 
glyceriiic contained pane sugar; cane sugar inclines 
to the right and the resultant invert sugar to tlic 
left. 



Dkteumikation ok G-YLtnuuNj-; in Wink. 

In order to determine small quantities of glycerine 
in wine — an investigation of importance as to t!i,c 
glycerine contents of the wine itself as well as prov- 
ing whether the wine has been intentionally adul- 
terated — the following process according to Gorman 
official regulations for the testing of wines is 
adopted 

(a) Determination of glycerines in wines with less 
than 2 g. sugar in 100 cm.'* 

One hundred cm.-* of wine are evaporated in a porce- 
lain dish over a water-hath to about 10 cm.“ and 
the residue is mixed with about 1 g. (piartz; sand 
and so much milk of lime of 40 per coiit (lai(Or-T)„ 
that to every 1 g. extract i-5-2 cm,*' milk of liiiio is 
added, and evaporated practically dry. I'lic damp 
residue is mixed with about 5 cm.** of alcohol at U(i 
per cent by weight, the mass attacliing to the 
aides of the porcelain dish arc loosened with a spatula, 
and rubbed into a fine paste with a small addition of 
aloolrol at DO per cent by means of a small pestle. 
.Spatula and postle are then rinsed with the same 
strength of alcohol. Constant stirring takes place and 
the dish is licated in a water-bath, until it begins to 
boil, and the cloudy alcoholic liquid is pom-tul through 
a small filter into a small receiver of fOO cm.** con- 
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tents. The powder-like residue remaining in the 
dish is again stirred with 10-12 cni.“ of alcohol, 
drawn off hot, the extract poured into the 100 cin.“ 
receiver, arid this process repeated for so long until 
the amounts of the estracts are about 65 cm,® the 
insoluble residue remaining in the dish. Then the 
small funnel attached to the 100cm.® receiver is rinsed 
with alcohol, the alcoholic extract is cooled to 15°, aiid 
it is filled with alcohol at 96 per cent to 100 cm.® 
After vigorous shaking the alcoholic extract is filtered 
through a plaited filter into a graduated glass 
cylinder, 90 cm.® filtrate are poured into a glass dish, 
and evaporated over a hot-water bath avoiding any 
powerful boiling. The residue is collected with small 
quantities of absolute alcohol, the solution poured into 
a divided glass cylinder, provided with a stopper, and 
the dish is washed with small quantities of absolute 
alcohol, until the alcohol solution amounts to exactly 
1.5 cm.® To this solution 7 ;5 cm.® of absolute ether 
should be added three.times, aiid the solution should be 
well shalien after each addition. The closed cylinder 
remains standing until tlie alcohol ether solution is 
quite clear ; then the solution is poured into a weigh- 
ing glass fitted with a ground stopper.. After the 
glass cylinder has been rinsed with a mixture (about 
5 cm.®) of 1 volume of absolute alcohol, with 1-i 
volumes of absolute ether, and this liquid has been 
poured into the weighing glass, the alcoholic ether 
liquid is evaporated over a hot but not boiling water- 
bath, when violent boiling of tlie solution must 
be av{.)ided. Alter tlie residue in the weighing glass 
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has become a thick liquid, the glass is placed in a 
drying oven between the double partitions of winch 
water is boiling, and after one hour’s drying it is left 
in the exsiccator to cool and weighed. 

(b) In wnnes with 2 g. or more sugar in 100 cm.“ 

Fifty cm.” of wine are heated in a large receiver 
over a water-bath, mixed with ], g. quartz sand, 
and small quantities of milk of lime are added 
for so long until the mixture which at first timied 
dark has become clear again and assunuid a smell of 
lye. The mixture is warmed in a water-bath and 
constantly shaken. When cold, 100 cm.” of alcolio] 
at OG per cent are added, and the resultant deposit 
left to settle, the alcoholic solution is filtered oil' iuul 
the deposit washed with alcohol at 90 percent. Tlie 
filtrate is evaporated and the residue treated further 
according to the regulations for wines with lesser 
sugar contents. 

According to the decrees of the Committee of 
Wine Statistics in Germany it is rocomnusnded that 
an objection on account of addition of glycerine, is 
jndified when with a total glycerine! eonkiiit (;xceed- 
ing 0-5 g, in 100 c.cm. wine, tlu; extract residue! 
{eixtract reduced with respect te> non-volatile acids) 
consists of more than two-thirds glycerine!, e>r, with 
a preopeortion of glycerine to alcediol of more tliiin 
10:100, the total extract does ne>t e!xcee!d FS g. 
per 100 c.cm., or after deduction of the; glycerine 
from the residue extract, 1 g. in 100 c.eiiii. 
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Determination of Glycerine in Beer. 

The determination cf the glycerine contained in 
beer can be carried out as follows : — 

50 -in.df beer are evaporated with about 8 g. cal- 
cium hydrate to the thicliness of syrup, and then 
mixed with 10 g. coarse powdered marble or sea sand 
and left to dry, but the residue should not be quite 
dry or hard. Then it is completely separated from 
the dish and boiled with 100-150 cm.“ of strong 
alcohol at about 9G per cenb After filtering, tlic: 
alcoholic extract is evaporated or distilled, and tlic 
residue is again dissolved in 10 cm.-* alcohol. 

To this solution, 15 cm.“ of ether arc added m 
three portions, the solution is thoroughly mixed after 
each addition and left to settle. The clear etlrer 
alcohol solution containing the glycerine is poured 
off, the residue again treated with 5 cm.'* alcohol and 
shaken with 7-5 cm** cf ether in two portions, when 
tlic glycerine remaining in the residue is dissolved. 
In a, weighed weighing glass the ether alcohol soln- 
tion is evaporated to the thicliness of a syrup, and 
then left to dry. an hour in a water-bath drying oven, 
weighed, and the glycerine tested for the presence of 
any sugar:. Or, the ether alcohol solution contain- 
ing the glycerine can be evaporated in a platinum dish 
and, after drying, weighed, when the contents of the 
dislr can he ashed in order to determine any exist- 
ing mineral substances, and separate them from the 
glycerine. 
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InVESTICtATION ()]<' XiTJU)-G.LYCKK,IN’E and ]5\'KAMIT,E. 

The analysis of nitro-glycerine comprises mostly 
the qualitative test for acid or alkali : the in- 

vestigation of dynamite and the detei-mination of its 
composition is varied according to whetluii' it con- 
tains the nitro-glycerine only ahsoiijecl or grilatinizial. 
Special methods of investigation should hti imwle for 
explosive gelatine and gelatine dynajiiite, and IlnaJly 
certain stability and heat tests c(.nue into considtu'ii- 
tion. 

Analysis of Nmuj-GiA'ciEKiNH as 'J'o Ami) and 
Alkali. 

A sample is placed in a separator, distilled wuitor 
poured over it, and it is well shaken. Ey the ad- 
dition of some drops of methyl orange the .r(rudhm 
is ascertained, and after an addition of I -d drops of 

hydrochloric acid the colour should change. 

4 

Analysis oi’ Dynamite. 

For this purpose Hess’s method should be used, 
which is as follows ; The dynamite should he 
treated with water-free ether, and the renuiining oil 
shoidd be tested by letting a pieee of liltei'ing 
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paper iUjsorb it and then detonating on an anvil. If 
tlui oil is dissolved in alcohol and iiiised with a solu- 
tion of ammonium sulphide in alcohol, then polysul- 
pliide is formed, and later the sulphur separates. If a 
drop of the oil is placed in a solution of green vitriol 
mixed with hydrochloric acid, and if this is warmed, 
then tlic nitrous oxide reaction should result. If a 
drop of the nitro-glycerine is added to a potassiuiii 
iodide starch solution acidified with diluted sulphuric 
acid and mixed with a few fragments of zinc, then 
tlio liquid turns blue. If the oily deposit is evidently 
miirorm, and its specific gravity about 1-6 and it has no 
l)ai'ticular odour, it may be taken that it is only coni- 
poHcd of nitro-glycerine. ff impure ether has been 
used then the impurities will be found in the residue. 
If there, are more than traces of sulphur, paraffin, 
and resin, they , separate from the nitro-glycerine. 

1 n order to analyse these, some of the separated sub- 
stance is taken and pressed between filtering paper, 
'fhe Hulpliur separates in the forin of crystal andean 
hti recognized thereby as also by its smell and flame 
on l)eing ignited. If the extract freed from ether is 
treated with cold alcohol, then paraffin remains behind. 
Any rosin can, by boiling with a soda solution, be 
sajmiriliod and isolated from the soap by precipitation 
with liydrocliloric acid. Should all three substances 
he in the dynamite at the same time, the nitro-gly- 
corino sliouid first be decanted and the residue care- 
fully pressed between filtering paper : then by boiling 
witli a soda solution the resin is first separated, and 
tlici J'osidue waslied with W'ater and dried. Part 
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thereof can be treated with aqua regia in order to 
transform any existing sulphur into sulphuric acid 
and this identified in the form of barium-sulphate ; 
another part can be boiled with ammonium sulphide 
solution when the sulphur dissolves with the formation 
of ammonium-polysulphide, the paraffin, however, on 
cooling swims in a crust on the liquid and is them 
washed with water, dried, andean be further tested. 
The residue of the extraction is then tested micro- 
scopically when kieselguhr, wood meal, and charcoal 
can be recognized by their construction and colouring. 
Brown coal and pit coal are di.stinguished by the 
nature of their products on dry distillation. Brown 
coal gives acetic acid or ammonium acetate. If tlie 
residue is reduced to ashes, then in addition to wood 
or coal aslie.s, other mineral sub, stances are foimd 
which can easily he determined by the well-known 
analytical methods. 

Qu..\NTri'ATIV]5 ExAMINATK ) N . 

Eitlier a weighed amount of dynamite, is placed 
on a dried and weighed linen liltcir in a funnel 
and extracted by frciquently pouring (ither on 
it, or a weighed amount is mixed with (ither in 
an Erlenmeyer flask shaken fretiiuiiitly, iind the 
whole is filtered on, a linen filter and again waslKid 
with etlier. The ether extract is ti.'ansforrcd to a 
beaker and evaporated on a watcr-batli at 40"; from 
the moment the extract clouds, attention should he 
paid. As soon as the cl(riuHn(iSB disappci.'U's again 
the beaker is placed under the bell of an air-pump. 
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solution evaporated, dried at i‘20", and the remaining 
residue again weighed. If carbonates are present, 
the extract, if it contains no chlorates, should he 
taken up with water again, neutralized witli nitric 
acid, evaporated over the water-bath, dried at 120“, 
and again weighed. Hereby the carbonates are trans- 
formed into nitrates, without modifying the existing 
extractive substances ; from the difference of the two 
last weights obtained the quantity of carbonic acid 
can be determined. The dry mass is lierenpon heated 
to redness and on cooling damped witli nitric acid, 
liberated from the free nitric acid again, again lieated 
to redness, and finally on cooling weighed. Then all 
the water-extracted salts are present as nitrates, and 
the organic substances destroyed. The difference be- 
tween the two last weighings accordingly gives tlie 
contents in organic soluble substances. 

If in the watery extract chlorates were also present, 
then the carbonic acid must be determined by pre- 
cipitation W'itli lime determined, and in one part after 
evajiorating and heating to redness the chlorate 
can be determined in the form of silver cliloride. 
The quantity of nitric acid can be determined in a 
second part of the extract by changing into ammonia. 
In the residue from tlu; extraction by water only char- 
coal or similar organic Huhstances can be contained 
as well as insolulile absorbents. Tlic organic sub- 
stances are rcunoved by reducing to ash and the 
residue is weighed on cooling, whereby the weight 
of the insoluble mineral snhstance is asciutaimid. If 
several mineral substances are present at thc^ same 
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time, then according to the well-known inethod they 
can he determined singly in the residue. If, how- 
ever, several organic absorbents are present, the pro- 
portion can only he approximately determined hy 
means of their elementary composition. 

The stability cf dynamite is determined by the lieat 
test, and further by a thrice-repeated freezing and 
melting, as well as by exposure for eight days and 
nights at 30“ with regard to any oozing cf the nitro- 
glycerine. Any inclination to absorb humidity with 
eventual separation of nitro-glycerine can be tested 
by exposing over avessel filled with water for twenty- 
four hours under a glass bell-jar. 

OF Explosive Gelatine and Gelatine 
Dynamite. 

The analysis according to Hess is as follows: — 

Qiirditative Analysis . — A slice is cut out of the 
middle of the cartridge with a knife of wood or 
horn and cut up into siiiall pieces placed in a siiiall 
receiver, and a iiiisture of 2 parts cf water-free ether 
and Ipart water-free alcohol ispoured over it. There- 
by the nitro-glycerine, collodion cotton, as well as other 
admixtures of camphor:, resin, paraffin, and sulphur 
arc dissolved. The estract is mixed with an excess 
of chloroform, which precipitates the collodion cotton. 
The solution above it is poured off, and the residue 
is pressed between filtering paper. The separated 
collodion cotton is recognized by its combustibility 
and its explosiveness caused by shock, as well as its 
behaviour in tlie presence oS sodium sulphide solution 
frolll which it is freed by boiling. On boiling with 
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hydrochloric acid and sulphate of iron a nitrous oxide! 
reaction is given. 

The poured-off solution is heated to 30" wherohy 
the largest part of the ether, alcohol, and cldoro- 
form evaporates. Then the temperature is raised to 
80“ whereby these solvents arc completely romove.d. 
The residue is treated in the same manner as wujS 
described for dvnamite. Should theroi he still iri- 
nitro-cellulose in the residue freed from cltlornt(!S 
and nitrates, they can he ascertained as follows 

1. By observation under a microscope witli polar- 
ized light. The trinitro - cellulose shows a bliui 
colonr, the non-nitrated cellulose a red-yellow play 
rf colour. 

2. By boiling the residue with hydrochloric acid and 
sulphate of iron, whereby the nitro-cellulose givtis a 
nitrous oxide reaction. 

3. By boiling the residue with alcoholic ciuistic! 
potash solution and filtering, ff the filtrate is sliglttly 
acidified by sulphuric acid, it indicates free nitric 
acid or nitrous acid. 

Quantitative iNvnsTUiATu ) n. 

An average sample is taken and divided with a 
horn spatula into small pieces, and it is left for live to 
SIX days in an exsiccator over calcium clilnrid<! to 
determine the moisture contents. 

The best means of removing tlic nitro-glyecirino and 
the collodion cotton from the gelatine csplosivc is to 
treat with alcohol. This is best accomplished in. an 
Erlenmeyer flask in which 5 g. of tho finely divided 
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gelatinous explosive is placed, '200 cm.'* ether alcohol 
poured over it, constantly shaken, and left for some 
hours ; the solution is mixed with an excess cf chloro- 
form and the reiiiaining mixture is filtered through a 
dry and weighed filter. By heating on a water-bath 
to BO'' the filtrate is freed from the ether alcohol, ff 
camphor is contained therein, then the residue is 
shaken with carbon bisulphide. The ether extract 
can at once be filtered and the nitro-cellulose pre- 
cipitated by chloroform from the filtrate, but this is 
a less accurate inethod. 

The residue remaining on the filter can still con- 
tnin nitro-cellulose as well as zmnic powder. It is 
di'ied at 00“ in a dry stream of air and then weighed. 
Tdien the process is continued as in the case of dyna- 
mite. Part of the residue can be boiled with a con- 
centrated solution of sodium sulphide whereby the 
tri nitro-cellulose is dissolved. The solution is filtered 
through a weighed filter, washed carefully with water, 
dried, and weighed. From the loss in weight the 
trinitro-cellulose content can be determined. An- 
othorpart of the residue is treated with hydrochloric 
acid, whereby tlic carbonate and other bases go into 
solution and can be determined, whereas the dried 
and washed residue then only contains organic and 
mineral (insoluble in hydrochloric acid) absorbents. 
l !y reducing to ash, tho organic substances can be de- 
termined from tlic difference. 

Sta:hility and Heat Tests. 

Tlu! stability and heat tests are carried out mostly 
according to the English methods. Since the com- 
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inencemeiit of decomposition makes itself appai;ent 
through the si)litting off of nitrous acid, these tests 
are based on the detection of this, which, is offocted 
with the 'aid of potassium. iodide paper, or bettc'i:, 
starch-iodide paper. Is'itrcnis acid liberatcjs iodino 
from potassium iodide, which with staroli ])asto 
gives a deep blue compound of. starch iodido. d’lu! 
test, which rcijuircs special apparatus, is usually 
carriod out at KiO" F. (71" 0.). 
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Acktic acid, 21, (5!), 224. 

Acetone, glycerine obtainable 
Irom, !). 

Acid, acetic, 21, 6'J, 224. 

— butyric, 21, 2B, 224. 

— oaproic, 21. 

— oarbonio, (i(). 

— formic, IH, 2B, (iil, 224. 

— glyceric, 24, tii). 

— glycollio, GU. 

— hydiiodic, 17. 

— hydrobromic, 17. 

— hydrochloric, 14, 28, 82, (IS. 

— isoleio, 41. 

— nitric, 24, G9, 78, 78, 7<). 

— oleic, 22, 29, 31, 34, 47, 11)2. 

— oxalic, 18, G'J. 

— iialmitie, 22, 81, 32, 37, l‘.)2. 

— propionic, 21, 28. 

— sodium pliosphntii, G4. 

— stearic, 22, 81, 87. 

-- Kulpluiric, 28, 81, 82, 811, ;I7, 
38, 89, G9, 7',). 

— valerianic, 21, 2i). 

Acrolein, 12, 17, 19, .78, 7C, fl'.l, 

()9. 

— production at, 2(1. 

— vapours of, 87. 

Aleuliol, AT. 

— allyl, G9. 

AilUeld-’s copying ink, 1G4. 

Allyl alcohol, Gi). 

production of, from glyucr- 

-- iodide, ’17, 18, (ill. 



Allyl sulphide, G9. 

— sulphooyanide, lii). 

Ammon-gclatinc dynamite, compo- 
sition ot, 129. 

Ammonium nitrate, 124. 

Ammon-weather dynamite, coin- 
piosition of, 128. 

Analysis of glycerine, chemical, 
208-30. 

Antiseptic soaps, liquid, recipe for, 

190. 

Atlas piowder (America), 120. 

BAr.T;.\iiiME air-stirring process, 
81. 

Barium carbonate, 40. 

— nitrate, 112, 113. 

Bone-charcoal, 52, Gl, G2, G3. 

Biittger’s composition for a copy- 
ing ink, 1G8. 

Brain’s explosive powder, 101, 
117. 

Bran, pivopared, 112. 

BiichhaisteP, logwood copying ink 
according to, 104. 

Buildings, construction of, for 
nitration purposes, 82. 

Butyric acid, 21, 28, 22 1. 

Caucium carbonate, G't. 

— chloride, 81. 

— oxalate, 04. 

— phospliiite, (i4. 
ain'oieacid, 21. 
arbon, 112. 
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Ciirboii dioxide, 18. 

Gai'boiiio acid, (iS). 

Cartridges, fuse, 104. 

— — for frozen dynamite, 1.04. 

— moulding of, 104. 

Castor seeds, 4,8. 

Caustic lye, 47. 

Cellulose dynamite, 101, llil. 
Charcoal, 113, 134. 

— filters, 62, 

Chemical analysis of glycerine, 
208-30. 

China, clay as sub.stitute for in- 
fusorial earth, 111. 

Chlorhydrin, 23, 00. 

Chlorhydrins, the, 14. 

Chlorine, 15. 

Ghromograph masses, 154, 

Clay dynamite. 111. 

Colour printing, prescriptions in 
conneotioii with, 166. 

Coloured hectograph inks, presorip- 
tions for various, 158. 

Colouring matters used for pro- 
duction of hectograph inks, 
156-7. 

Condenser, construction of, for gly- 
cerine distillation, 54. 

Copying ink. Allfield's, 164. 

— • ~ Birmingham recipe for. 
164. 

— glycerine, 162. 

— — logwood, recipe for. 1G4. 

— inks, 161. 

Cosmetics, use of glycerine in. 
17.3-4. 

Ciystals, glycerine, 67. 

Dekitmi’ic^lToh for extraetinr 
nitric acid, 87. 

Dibromhydrin, 17. 

Dichlorhydrin, 25. 

Diglycerine, production of, 1)0. 

— nitro-mono-ohlorhydi'in, 90. 
Dualin, 101, 118. 

— cartridges, 118. 



lualin, disadvantiigo of, us coin- 
pared with dynamite, 118. 
dyniiiuite, 9S), 

— ainmon-gelatinc, composition 

os, 129. 

— analysis of, 2.31, 232, 233, 234, 

235, 236. 

— cartridges, ordinary, 104. 

— cellnlose, 101. 

— with ehemieally-aotive absorb- 

ing material, 100. 

non-aetive absorbing 

material, 1.00,102. 

— factory, 105. 

— frozen, properties of, lOS). 

— gelatine, 102, 111. 

— — composition of, 129. 

— glycerine, examination of, by 

acetin method, 219. 

— — test of, by nitration, 220. 

— guhr, composition of, 128. 

— gun-cotton, 102. 

“ and litliofrakteur, experiments 
with, 115. 

— manuftietiire of, danger con- 

nected with, 105. 

— and nitro-glyeerine, investiga- 

tion of, 231. 

— properties of, 106. 

— of Vonges (Prance), 125. 

— Wetter, 98. 

Dynamites 3, .3, and 4 , 101. 

2 3, and 4, composition of, 

’119. 



Enzy.mi!s, decomposition of fats 
by, 42. 

Epibromhydrin, 17. 
Epichlorhydrin, 16. 

Ethyl nlcohol, 21. 

Evaporation apparatus u.sed tor 
concentration of blic lyes, 49. 
Explosive gelatine, 103, 111. 

_ — composition of, 122, .123, 
124. 




Explosive gelatine and gelatine 
dvnamito, testing of, 23(i, 237, 
238, SSi). 

preparation of, 121. 

Fat .splitting, enzyme method 
of, 42. 

— — by steam, process of, 41. 
li’ats, decomposition of, by en- 
zymes, 42. 

— — ~ by lime, ,35. 

— —by steam, 40. 

— — — by sulphuria - ~ iSfl. , 

— saponification of, by means of 

oa u s t i 0 alUalios or 
iluioklime, .32. 

— — — by use of quicklime, .S3. 

— — — with sulphuric acid, 37, 

45. 

— table showing decomposition 
of, by steam, 42. 

Patty acids, separation from gly- 
cerine, SO. 

— acids, production of, by use of 

caustic alkalies, 32. 

Filters, charcoal, G2. 

Formic acid, 18, 23, 69, 224. 
Fulminating dynamile, 124. 

Fuse cartridges, 104. 

— for frozen dynamite, 104. 

Gas meters, glycerine as filling in, 
202. 

Gelatine dynamite, 102, 3.11. 

124. 

— composition ot, 129. 

discovery of. 121. 

— — and explosive gelatine, test- 

ing or, 236, 237, 23S, 
231). 

— — kneading machines lor pro- 

duction ot, 123. 

— — inanutiicture o£, 122, 123. 

— explosive, 97, 1(12, 111. 

— glycerine, 1-17, 1-18. 



“ Gelignit ” (gelatine dynamite), 
124.' 

Glauber’s stilts, use of, in lower- 
ing explosion temperature of 
dynamite, OS. 

Glue and glycerine, preparations 
of, 145.’ 

Glyceric acid, 24, 69. 

Glyceride, lend, 130. 

Glycerides, 22. 

Glycerine, action of iodine coni- 
pounds on, 17. 

— addition of, to alcohols, 190. 

— — to wine, beer and liqueurs, 

196. 

— adulteration cf beverages with, 

198, 202. 

— applied to the manufacture of 

inks, 156. 

— — to microscopy, 139. 

to the weaving industry, 

204. 

— in beer, determination of, 230. 

— boiling point of, 68. 

— cement, 130. 

— — behaviour of, on treatment 

with chemical reagents, 
130, 131,132, 133. 

— chemical analysis ot, 208 -.30. 

— — properties of, 6. 

— for clay modelling, 204. 

— cold cream soap, 193. 

— composition of, 7. 

— compounds, 7-10. 

211. 

— copying ink, 162. 

cream, recipes tor, 176, 178, 
179. 

— crude, 50. 

— — distillation ot (Van lluym- 

hcoke’s and \V. P. .Tobbin’a 
apparatus tor), (11. 

— ■ deliming of, (1-1. 

— decoloration of, (14. 

— decomposition products ot, 10. 
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Glycerine, derivation of word, 2. 

— discovery of, 1,2. 

~ — erystallizing property of, 
65. 

— distillalion of, 53. 

apparatus, construction of, 

57. 

— ~ condenser for, construction 

of, 54. 

— — regulation of steam in, 64. 

— for dynamite .making, ex- 

amination of, 216. 

— emulsions, 176. 

— ether, 12, 18. 

— extensive uses of, 8, 4, 5. 

“ for explosive manufacture, 
217. 

the ertmction of perfumes, 

1G7. 

— for filling gas meters, 208. 

“ nitration of, 01, 62. 

— — of, over bone charcoal, 64. 

— gelatine, 147, 148. 

— glue, 146, 147,148. 

— — masses for making hecto- 

graph blocks, 150, 151 
152. 

— and glue, preparations of, 145. 

— glue for printing rollers, 148 

149, 150. 

— jelly, recipes for, 170, 178. 

~ from lead sosp, 27. 

— as a lubricant, SOH. 

~ nitrated, explosive qualities of 
72. 

— nitration of, 217. 

— — of for producing powgrfu 

explosives, I.. 

— obtainable from ncetonc, 1). 

— oxidation of, 01). 

— plaster, 194. 

— production of, 1,8, 9, 27, 7,5. 

— — of allyl alcohol from, 18. 

— properties of, (i(j. 

— pure, 8. 

“ — production of, 51. 



rlyoerine, purilication of, by 
nieans of crystallization, 05. 

— soaps, 182, 183, 184,185, 180. 

— — liquid, production of, 191. 

— from soap lyes, recovery of, 40, 

46. 

— soaps, superfatted liquid lano- 

line, recipe for, 195. 

— — transparent, production of, 

187. 

— solubility of variou.s substances 

in, 70. 

— solutions, table giving specific 

gravity of aqueous, 07. 

— solvent properties ol, 70, 71, 

165,194. 

— specific gravity of, 00. 

— in the stearic acid factory, pro- 

duction of, 29. 

— test for sugar contents in, 225, 

226. 

— tests for impurities in, 223. 

— toilet recipes, 170, 177, 178, 

179. 

— treatment of, with haloid acids, 

18. 

. — nitric acid, 78. 

— use of, fonnedioal purposes, 1, 

194. 

_ _ _ in paper malcing, 200. 

~ ~ ~ in perfume making, 70, 

— — — lor preservation of furs 

rind anijnal .skins, !:!-$. 

~ ~ oT wluilo mi- 

nials, 187. 

in protecting metals 

which rust easily, 208. 

— in soap manufacture, 1, 

70. 

in technical cliemistry, 

70. 

in textile induatry, 205. 

in tobacco manufacture, 

206. 

in toilet - preparation. 
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Glyccriuc used in the manufacture 
of leather, 140. 
— — “of soap, 181. 

— — — — preparation of cos- 

maties, 173. 

production of copying 

inks, 161. 

vapours, 5.5, 56, 60. 

— water, the nature of, 44. 

— with water, mixtures of (tables 

showing speeitio grnvities), 
213. 

— in wine, determination of, 

227. 

Cxlycero-irhosphorio acid, 13. 

— sulphuric acid, 10, 23. 
Glyccroao, 69. 

HlycolUc acid, 69. 

Guhr dynamite, 1)7. 

— — composition of, 128. 

Gun cotton, 72, 73, 78 , 94. 

dynamite, 102. 

Gypsum, 34, 37, is. 



Hncacit.^KN, glycerine distillatioi 
apparatus, of, 5S. 

Hectograph blocks, making, iron 
glycerine-glue and gelatine 
1.50, 151,152. 

— ink, blac’k, recipe for, 150. 
green, recipe for, IGO. 

— rod, recipe for, 15fl. 

violet, recipe for, 158. 

— inks, 155, 157. 

— masses according to Wortha, 

155. 

— fonnuhn lor making, 153, 

15-4, 1.65. 

noreuloK powder (America), 125. 
llydriodio acid, 17. 

Hydrobromic acid, 3.7. 
Hydrochloric acid, 14, 23, 32, 53. 
Hydrogen, 61). 

“ sulphuretted, 28, 



Ink, copying, Allfield's, 164. 

— Birmingham, 164. 

“ Bottger's composition fora, 
153. 

“ — glycerine, 162. 

thin blue, recipe for, 158. 

— violet, hectograph recipe for, 

158, 159. 

Inks, copying, 161. 

— glycerine applied to the manu- 

facture of, 156. 

— hectograph, 1,56. 

recipes for, 1,58, 159, 160, 

161. 

Iodide, allyl, 17, 18, 69. 

— phosphorus, 69. 

Iodine compounds on glycerine, 
action of, 17. 

Isolde acid, 41. 

JUDSON powder (America), 120. 

Kaebo dynamite, 125. 

Karbonit dynamite, 125. 
Kieselguhr, 99. 

— dynamite No. 1,99, 100. 

— — applications of, 110. 

— — discovery of, 102. 

— “ manufacture of, 103. 

— qualities of, 100. 

Kneading machines for production 

of gelatine dynamite, 12.3. 
Kolonial powder, 101,116. 

Krehitz process, the' (prepmation 
of lime soap), 35. 

Kubin’s weather dynamite, ~ o m 
position of, 128. 

Lkad glycerine, 180. 

— oxide, 28. 

— soap, glycerine from, 27. 
Leather, use of glycerine in the 

manufacture of, 140. 

Lignose, 101, 117, US. 

Lime, decomposition of fats by, 
35. 




— soap, 34. 

— soap, powdered, 85. 
Lithofrakteur, 101, 111. 

— advantage of, over dynamite, 

116. 



M.vt.N'Esi.i., use of, in decomposition 
of fats by steam, 41, 42. 
Miingane.se, 112, 113. 

— sulphate, use of, in ileconi- 

position of fats by eiixymes, 
44. 

Meganit dynamite, 125. 

Methylio alcohol, 90. 
Monochlorhydi'in, 25. 

“ Montejus,” the, 70, 88. 

NmtATE, ammonium, 124. 

— sodium, 124. 

Nitration apparatus, 80-84. 

newer type of, accortliny to 

0. Guttmann, S3. 

— of glycerine, 217. 

— vesse', pattern of n,n older, ,82. 
Nitric acid, 24, 88, (ii), 73, 78, 7i). 

triglyceride, 35. 

Nitro-giyoeride ester, 26. 
Nitro-glycerine, 2, 3, 26. 

as to acid and alkali, 

analysis of, 281. 

application of, in teolinics 

of explosives, 98. 

chemical constitution of, 

78. 

decomposition of, during 

e.xpiosion, 97. 

discovery of, 3. 



— — effect Of, oil workmen, !k 

— — expjlosion of, and this re- 

sulting gases, id!, 
as an iuiiirect explosive 
substance, !)•!. 



itiiiii of, aceoriling to 
Kolfroro, 7-1. 
of, 

turos, 91, 

properly of, in pi'oce.sH of 

deconip.isitioii, 9(i. 

— ■ — pure, speiiilic gravity of, 
90. 

— — - and waste acid, separaitioii 

of, 8(1. 

yield of, from glyeerine, KH. 

the inaiuifiiiotui'e of, 79. 

Nitvo-powder, safety (Aiiiorioa,), 

12(i. 

Noliel, oxjioi'imcnts by, ill, 115. 

— e.xplosivc oil, 72. 

Nobel’s prmicss, forolitainiiig large 
i|iiaiititioK of iiitro-glyoerine, 75, 
7(1. 

— weathei’ ilyiianiite, eoiii|ioKition 

of, 12H; 

Oil, olive, 28. 

(liiliii, 3.8, -I I . 

Oleic acid, 22, 29, 31, 31, II, IV. 

— -- 1112 . 

Olein, 3.I.. 

Olive oil, 28. 

O.xalic acid, 18, (ill. 

0,xiile, lead, 28. 

I’Ai.H oil, ii.3, 41, 

I’almitic- acid, 22, 31, 32, 37 

11 ) 2 . 

ralmitin, 31. 
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Pantopolllt dynamite, composition ; 

of, 125. 1 

Perfumes from flowers, extraction 
of, by means of glycerine, 167. 
Petroleum, hair, preparation of, 
170. 

Phosphorus iodide, 69. 

Phosphorus pentoxide, 69. 

Potash lye, 4G. 

~ soap, 46. 

Potassium hydroxide, 69. 

Printing rollers, glyoerine glue for, 
148, 149, 150. 

Propionic ecid, 21, 23. 

Propylene, 17, 18. 

Eiinxrr dynamite, 12,5. 

Salt, oominon, 46. 

Saltpetre, 76. 

Salts of lime, 61. 

Samiu and Vieille, -experiments of. 
97. 

Sawdust, prepared, 112. 

Sabastiu and Serranin explosives 
119. 

Soap, glycerine cold oream, recipe 
for. 193. 

— — used in the manufacture 

of, 181. 

— lead, glycerine from, ‘3.7. 
lime, 34. 

— — preparation of (Krehitz’s 

process), 35. 

— lyo glycerine, (il. 

lyes, reteovery of glycerine from 
46. 

potash, 46. 
oleine, 192. 

— prodnetion of, 46. 

— sodium, 46, 47. 

Soaps, glycerine, 182, 183, 184 
18.5, 186. 

— liquid antiseptic, recipe for 

196. 

~ ~ storax, recipe for, 195. 

I 



Soaps, liquid tar, recipe for, 194. 

— transparent glycerine, produc- 

tion. of, 167. 

~ — recipes for, 191. 

3oda crystals, 97. 

— lye, 47, 52, 63. 

Sodium carbonate, 64. 

~ nitrate, 124. 

~ oxalate, 04. 

~ sesqui-carbonate, 118, 113. 

— soap, 46, 47. 

3podium, 61. 

— powder, black, 64. 

3team, decomposition of fats by, 
40. 

— regulation of, in distillation of 

glycerine, 54. 

Stearic acid, 22, 31, 37. 

“ — factory, production of 
glycerine in the, 29. 
stearin, 31. 

3tonit dynamite, 12-5. 

3torax soaps, liquid, recipes for, 
195 . 

3ulphide, allyl, 69. 

Sulphocyanide, allyl, 69. 

Sulphur, 112, 113. 

Sulphuric acid, 23, 31, 32, 36, 37, 
38, 39, 69, 79. 

— — decomposition cf fats by, 

35. 



Xallow, 33,41. 

Tar soaps, liquid, recipe for, 194. 
Tetraohlorhydrin, 15. 
Tetra-nitro-glycerine, production 
of, 89. 

Trauzl experiments, 120. 
Tribromhydrin, 17. 

Trichlorhydrin, 15. 

Triglyceride, nitric acid, 25. 
Triglycerides, ‘32. 
Trinitroglycerine, 25. 
Tri-nitro-glycerine, uee of, for ex- 
plosive purposes, 73. 

* 
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Twitchell process, the, for pro. 
duction of fatty acids, 39. 

Valeriakio acid, 21, 23. 

Vigorit (America), 126. 

Yuloan powder (America), 126, 

Waste products, 87, 



Water contents of glycerine, tables 
showing, 212, 

“Weather” dynamites, 126. 
Wetter dynamite, 98. 

Zinc chloride, anhydrous, 38, 89. 
Zumic powder, 122, 

— — preparation of, 124. 
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